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For thousands of years, expecting parents have daydreamed of being able to know about
their children before their birth. Over the last thirty years, reproductive genetics and assisted
reproductive technology (ART) have made significant strides toward fulfilling this desire. A
steady stream of technical advances such as prenatal screening, invasive prenatal diagnosis,
sperm and egg donation, sperm sorting for gender selection, in vitro fertilization, and
preimplantation genetic diagnosis have sought to give parents more information about and
control over their reproductive practices. However, each of these technologies has significant
drawbacks that have limited their use to either a very small population or a small number of
conditions. As a result, their overall impact on reproduction has been equally limited.2
Everything is about to change. Scientists have recently discovered a way to provide
diagnostic genetic information to pregnant women early in pregnancy through a blood test,
which poses no risk to the fetus. Researchers have long sought after such a test that offers noninvasive prenatal genetic diagnosis (NIPD). NIPD was finally achieved by capturing and
analyzing fragments of fetal DNA, known as cell-free fetal DNA (cffDNA), found in the
pregnant woman’s bloodstream.3 By examining cffDNA, scientists have been able to detect a
wide range of known genetic and chromosomal conditions with a high degree of accuracy.4
Existing cffDNA clinical applications include diagnostic testing for the sex of the fetus and
potential pregnancy complications, such as an Rh factor incompatibility.5 Two companies,
Sequenom and Verinata, will also begin offering NIPD for Down Syndrome by the end of 2011
or early 2012.6 However, the future promises testing for single gene disorders and more complex
genetic diseases and conditions, culminating in the possibility of conducting genome wide
analysis of the complete fetal genome using cffDNA from a maternal blood sample.7 In
December 2010, two separate laboratories demonstrated that a full genome-wide analysis of the
fetus could be performed from a sample of the mother’s blood, making prenatal testing for any
diagnosable genetic condition or predisposition possible in the future.8
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Manifesting this technological potential will offer prospective parents a risk-free and
relatively inexpensive means to discover an enormous amount of information about their fetus at
a very early point in the pregnancy, which will be limited only by our knowledge and
understanding of genetics. NIPD using cffDNA can be reliably performed as early as seven
weeks gestation and is less expensive than current prenatal testing methods.9 Once successfully
commercialized and integrated into practice, NIPD testing for a range of genetic disorders and
conditions is well poised to become the standard of care, such that it will be routinely offered to
all pregnant women.
Without question, the availability of NIPD through the use of cffDNA testing marks an
enormous advance in reproductive genetic testing that will provide significant benefits to
millions of prospective parents, but it does not come without challenges and complications.
NIPD promises to expand our ability to provide pregnant women with genetic information about
their fetuses, but in many cases, it will not improve our ability to explain the implications of
much of that information in a meaningful way. Often physicians themselves do not fully
understand the results of a genetic test, or are not well trained in how to communicate those
results to patients. Further, while the majority of existing genetic tests examine disorders that
result from a mutation in a single gene, the vast majority of heritable conditions and traits result
from the interactions of multiple genes or genes and the environment. For these conditions, the
results from NIPD testing will most likely provide prospective parents with a series of
probabilities that a fetus will have a specific condition or characteristic. In order for NIPD to
truly improve reproductive decision making, physicians and pregnant women will need guidance
on which tests are appropriate for prenatal use, how to determine what tests each woman would
like to receive, how to interpret the results, and finally, what options are available after testing.
Given NIPD’s impending arrival, we should take steps to address the initial challenges to its
integration into prenatal practice and begin to discuss the broader implications of widespread
NIPD use.
This article examines a range of ethical, legal and social implications associated with
introducing NIPD into prenatal practice, and offers a novel solution to assist physicians and
patients in making informed choices regarding reproductive genetic testing. Part I describes the
current status of NIPD and compares it to existing reproductive genetic testing technologies.
Specifically, Part IA describes the development of cffDNA technology and its current and
potential uses for NIPD, including identification of potential pregnancy complications, fetal sex
determination, Part IB argues that NIPD has three features that differentiate it from existing
reproductive genetic testing techniques in ways that are critical. First, it is non-invasive, and
therefore presents no physical risk to the fetus or mother. Second, NIPD can be offered as early
as seven weeks gestation, often soon after a woman discovers she is pregnant. Third, over time it
will be comparatively less expensive than existing prenatal screening and diagnosis techniques.
Part II then explores how a prenatal genetic test with these characteristics will affect
reproductive practices and overall prenatal care. Specifically, I analyze how NIPD will impact
who receives reproductive genetic tests, what tests are offered, and what role they play in
reproductive decisions. I then argue that the introduction of NIPD into prenatal practice will
significantly increase the number of women who will receive prenatal genetic diagnosis, broaden
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the scope of conditions and characteristics they test for, and offer this information to parents at a
very early point in the pregnancy when it is more actionable.
Next, Part III addresses the initial challenges of offering a large amount of information
routinely to pregnant women at a very early point in the pregnancy. As NIPD is integrated into
prenatal practice, physicians will face many challenges regarding what tests to offer and what
information to provide patients. For the most part, these challenges are due to an absence of
regulation and guidance regarding the appropriate uses of prenatal genetic tests. In addition,
NIPD will strain current genetic counseling and informed consent protocols. I argue that a new
method of informing patients about the prenatal genetic tests offered through NIPD is required in
order for physicians to meet their informed consent obligations. I also discuss the potential
emotional and psychological harms that can arise for women if the informed consent process is
not performed appropriately causing them to receive diagnostic genetic results that they did not
knowingly want. To remedy these issues, I propose the use of a two-step informed consent
process that offers pregnant women a variety of genetic testing panels. Each panel will consist
of multiple genetic conditions with similar salient clinical features, such as severity of
symptoms, age of onset, and likelihood of contracting the disease. This approach aims to
simplify the genetic counseling requirements, ease the regulatory approval process, and permit
physicians to use advances in informed consent technology, like decision aids, to improve the
decision-making process for both parents and physicians.
Finally, Part IV will highlight some potential societal issues that may be raised by the
advent of widespread cffDNA testing. Full analysis of the topics in Part IV are generally beyond
the scope of this article, but are mentioned to encourage important future discussion, research
and writing on the long term implications of widespread NIPD use.
I.
Non-Invasive Prenatal Genetic Diagnosis via Cell Free Fetal DNA
A. The Development of NIPD
For the last three decades, scientists have known that whole fetal cells pass through the
placenta into pregnant women’s blood.10 This discovery opened the possibility of obtaining fetal
DNA from maternal blood, which would provide a much sought after non-invasive testing option
for reproductive genetic testing.11 Current methods of diagnostic prenatal genetic testing carry
around a 1% risk of fetal miscarriage and can be quite uncomfortable for the pregnant woman.12
However, producing a commercially viable, non-invasive, prenatal genetic test from fetal cells in
the mother’s blood has remained elusive due to technical challenges.13
10
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Researchers have since found an alternative path to non-invasive testing using DNA that
floats freely in maternal blood. In 1997, Dennis Lo and colleagues, researchers from The
Chinese University of Hong Kong, discovered that cell free DNA from a fetus exists in the blood
plasma of its mother.14 During pregnancy, cffDNA represents anywhere from 3-10% of the cell
free DNA in the maternal blood stream, with the remaining 90-97% belonging to the mother.15
Cell-free fetal DNA is typically found in short fragments,16 and can be detected as early as four
weeks gestation.17 However, the concentration of cffDNA increases with gestational age until
seven weeks when it stabilizes at about 10% for the remainder of the pregnancy.18 After the birth,
cffDNA clears from the maternal blood within two hours, ensuring that any fetal DNA detected
is from the current fetus.19 Over the last decade, these findings have dramatically changed the
landscape with respect to the possibilities for noninvasive prenatal genetic diagnosis (NIPD).20
Initial uses of cffDNA will include diagnostic testing for the potential pregnancy
complications (such as an Rh factor incompatibility), sex of the fetus, single gene disorders, and
chromosomal disorders (including Down Syndrome).21 In the future, researchers plan to develop
tests for more complex genetic diseases and conditions, culminating in the possibility of
conducting genome wide analysis of the complete fetal genome using cffDNA from a maternal
blood sample.22 Realizing this potential will offer prospective parents an enormous amount of
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information about their fetus, limited only by our understanding of genetics. Each of these uses
will be discussed in more depth below.
1. Pregnancy Complications
Cell-free fetal DNA testing can diagnose two kinds of conditions during pregnancy that
affect maternal-fetal wellbeing: abnormal placental functioning and fetal Rhesus blood group
incompatibility.23 First, elevated levels of cffDNA in the mother’s blood can signal an increased
risk of a variety of pregnancy complications, especially those associated with abnormal
formation or function of the placenta.24 Such complications include preeclampsia (the leading
cause of premature birth and the most common dangerous complication of childbirth), preterm
labor, severe morning sickness, intrauterine growth restriction, feto-maternal haemorrhage, and
polyhydramnios (too much amniotic fluid).25 Identifying these complications early in pregnancy,
even before symptoms arise, can improve prenatal healthcare outcomes for both the mother and
child.
Second, the availability of NIPD through cffDNA testing can eliminate unnecessary
treatments in many pregnant women. For example, cffDNA testing can provide information on
the Rh status of a fetus in a noninvasive manner. The presence or absence of Rhesus D (RhD)
antigens on the surface of blood cells determine the positive or negative designation in an
individual’s blood type.26 Problems arise when Rh-positive fetal blood cells carrying paternally
inherited RhD antigens enter an Rh-negative mother’s blood stream during delivery, which does
not have the RhD antigens. In that case, the Rh-negative mother will produce an immune
response against the “foreign” fetus. This immune response will not harm the first fetus during
delivery. But if another child is conceived with RhD antigens, maternal antibodies can cross the
placenta and attack the new fetus’ red blood cells, which can be fatal to the fetus.27 Rh
incompatibility can be treated prophylactically with anti-D antibodies during pregnancy.
Unfortunately, current methods of prenatal diagnosis are invasive and have additional risks
beyond the 1% increase in miscarriage when testing for RhD status, making it risky to identify
an at-risk pregnancy.28 As a result, all women with prior Rh incompatible children are put on
prophylactic anti-D antibodies during their subsequent pregnancies.29 Cell-free fetal DNA
provides a powerful tool to safely and easily identify only those fetuses with an incompatible Rh
status, thereby eliminating unnecessary treatment of all women with a prior Rh incompatible
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pregnancy.30 Rh status testing is one of the first commercialized clinical applications of cffDNA
testing.
2. Fetal Sex Determination
Geneticists first used cffDNA to detect major similarities or differences between the fetal and
maternal DNA, such as the sex of the fetus.31 In the case of sex determination, the presence or
absence of genetic markers present on a Y chromosome would reveal the sex of the baby. If
cffDNA from the Y chromosome is present the child will be a boy, if not, a girl. In families with
a history of X-linked disorders, such as Duchenne/Becker Muscular Dystrophy, sex
determination provides a powerful tool for identifying male fetuses at risk for the X-linked
disease.32 Of course, scientists can also use such testing capability to determine the sex of the
fetus for non-medical purposes, such as family balancing or parental preference. A handful of
biotechnology companies already offer cffDNA testing for fetal sex determination on a direct-toconsumer (DTC) basis.33
3. Single Gene Disorders
Researchers can also use cffDNA to detect any paternally inherited or spontaneously
occurring genetic mutations, which would not be present in the mother’s DNA.34
Thousands of genetic diseases result from a mutation in a single gene, often at a single locus.35
Due to the fragmented nature of cffDNA, detecting both large-scale mutations and single point
mutations has been very challenging and generally limited to only the detection of alleles not
present in the mother.36 However, researchers are making rapid progress in this area. For
autosomal dominant disorders, like Huntington’s disease37 and Achondroplasia,38 in which
receiving one copy of the disease allele is sufficient to inherit the disease, cffDNA testing can be
diagnostic if the father, but not the mother, has the disease allele.39 However, creating tests for
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autosomal recessive disorders, such as cystic fibrosis40 and Tay Sachs,41 in which the fetus must
receive a disease allele from both the mother and father to inherit the disease, proved more
challenging. Initially, cffDNA testing could be used to diagnose the fetus only if the mother had
the recessive disease, because only the single recessive allele would be present in the maternal
blood stream. For the more common case, where the mother was a carrier, with one normal allele
and one disease allele, cffDNA testing could not be used to diagnose the fetus.42
However, a new approach, known as digital relative mutation dosage (digital RMD), offers a
possible method for geneticists to diagnose a fetus with an autosomal recessive disorder, even if
its mother was a carrier.43 Digital RMD first divides all cell free DNA in the maternal blood into
groups of normal and disease alleles.44 Geneticists then examine whether the amounts of normal
and disease alleles in the maternal plasma sample are in allelic balance or imbalance.45 If the
ratio of normal and disease alleles is balanced, then geneticists expect the fetus to be a carrier of
the disease, like its mother. If the alleles are imbalanced, the disease allele is either over- or
underrepresented. Overrepresentation of the disease allele indicates the fetus has two copies of
the disease allele and therefore will have the disease.46 Alternatively, underrepresentation
indicates that the fetus has two copies of the normal allele and will not have the disease nor be a
carrier.47 Scientists have recently furthered this method by using known maternal haplotypes
(based on nearby SNP alleles on the same chromosome) to analyze the relative haplotype dosage
to provide significantly more information on the fetal genome.48 At high enough throughput
volume, comparing overall ratios of cell free DNA in maternal blood with certain characteristics
offers a promising avenue for developing diagnostic reproductive genetic tests using cffDNA.
4. Chromosomal Abnormalities
While identifying variations between maternal and fetal DNA has proven very effective for
detecting conditions associated with a single gene, using these variations to diagnose diseases
associated with an entire chromosome, such as Down Syndrome,49 proved more challenging.50
40
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However, researchers have successfully created testing protocols that examine very small
differences in the ratios of the amount of cffDNA from each chromosome present in maternal
blood serum. Dennis Lo and colleagues isolated and amplified DNA regions on the
chromosomes of interest and then compared the overall dosage of the chromosome of interest to
the dosage of a reference chromosome.51 As with genetic alleles, even small increases or
decreases in the expected dosage of a particular chromosome can indicate aneuploidy, an
abnormal number of chromosomes, in the fetus. Steve Quake and colleagues from Stanford
University quantified the number of DNA sequences that came from each chromosome and then
analyzed the results for over- and underrepresentation of a particular chromosome in the fetus.52
Both studies demonstrated a high level of accuracy in detecting Down Syndrome, in which a
fetus has three copies of the 21st chromosome.53
Initially, NIPD testing for Down Syndrome will be used to rule out Down Syndrome in
pregnancies that have screened high risk for the disorder, thereby greatly limiting the number of
women that would require invasive prenatal diagnosis (IPD) in the form of an amniocentesis or
CVS.54 Current screening techniques have false positive rates of about 5%, and all of those
women are offered IPD. NIPD can rule out Down Syndrome in 98% of those cases, meaning that
only .1% of all pregnant women would need a referral for IPD for Down Syndrome.55 As the
cost of NIPD decreases, researchers anticipate that it could become the first tier screen offered to
all women for Down Syndrome and other chromosomal abnormalities.56
5. Whole Genome Sequencing
Lo and Quake have now moved beyond single gene testing and chromosomal analysis to
whole genome sequencing of the fetus from a maternal blood sample. In a proof-of-principle
paper published December 8, 2010, Dennis Lo and colleagues mapped an entire fetal genome
from cffDNA present in maternal blood plasma.57 They also demonstrated that cffDNA from all
regions of the fetal genome was present in the maternal blood in a constant relative proportion to
maternal cell-free DNA.58 Stephen Quake and colleagues used data known about the parents
DNA and the relative frequency of those sequences in the cell free DNA blood sample to help
identify which DNA sequences were inherited from each parent, and therefore the genotype of
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51
Y.M.D. Lo, F.M.F. Lun, K.C.A. Chan, N.B.Y. Tsui, K.C. Chong, T.K. Lau, T.Y. Leung, B.C.Y. Zee, C.R. Cantor,
R.W.K. Chiu, From the cover: digital PCR for the molecular detection of fetal chromosomal aneuploidy, 104 PNAS
USA 13116 (2007). Lo and colleagues used digital PCR to isolate and amplify the DNA sequences of interest.
52
Fan, supra note 7, at 1. Quake used simultaneous shotgun sequencing, a method for sequencing long strands of
DNA. It gets its name from the similarity between the method and the rapidly-expanding, quasi-random firing
pattern of a shotgun.
53
Id. at 2. Rossa W.K. Chiu, et al., Non-invasive prenatal assessment of trisomy 21 by multiplexed maternal plasma
DNA sequencing: large scale validity study, 342 BRITISH MED. J. 7401 (2011) (available at bmj.com). These study
also revealed a high level of accuracy at detecting other forms of aneuploidy, including Trisomy 18 (Edward
Syndrome) and Trisomy 13 (T13).
54
Chiu, et al. supra note 53, at 7-8.
55
Id.
56
Id.
57
Lo, et al., supra note 4, at 9.
58
Id.

9

the fetus.59 These discoveries mean that the entire fetal genome could be analyzed from a noninvasive blood test and the genotype of the parents.60 Such a test could offer prospective parents
information on inherited genetic conditions as well as spontaneous mutations in the fetal
genome.61 Lo stated that the only limitations on this form of fetal genetic analysis are the depth
of sequencing available and the resolution of the parental genetic maps.62 Over time, sequencing
technology should improve and the cost should continue to drop, easing access to whole genome
sequencing for both parental and fetal genomes.63 Before genome-wide analysis becomes
available, Lo and colleagues suggest that this technology may be used for targeted sequencing
approaches to test for multiple disease-related regions at one time, which would greatly reduce
the cost of prenatal testing for multiple conditions.64
Currently, NIPD is only commercially available to test for RhD status and fetal sex.65 As
noted above, Sequenom and Verinata plan to offer NIPD for Down Syndrome screening in the
United States beginning in late 2011 or early 2012.66 The availability of NIPD testing for a
variety of known genetic diseases, conditions and predispositions is likely to slowly accelerate
over the next decade.67 Beyond diseases caused by chromosomal abnormality, fetal sex and
Mendelian genetic diseases, NIPD may one day also be able to offer parents full analysis of their
fetus’ entire genome.68
B. Is There Anything New Here?
However, the fact that NIPD offers a new form of prenatal genetic testing does not guarantee
a revolution in reproductive practices. Reproductive fetal genetic testing has been possible for
over forty years,69 but has not yet penetrated into the core of society as deeply as predicted in
Aldous Huxley’s Brave New World or the 1990s science fiction film, Gattaca.70 In fact, in 2009,
physicians in the United States performed IPD on under 2% of all pregnancies.71 However, three
features of cffDNA testing distinguish it from current forms of reproductive genetic testing in
ways that are critical. First, the testing is non-invasive. Second, it is offered early in the
59
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pregnancy, and third, it will be less expensive. As a result, cffDNA testing has the potential to
eliminate many of the existing obstacles to diagnostic reproductive genetic testing and in doing
so dramatically expand the volume of pregnant women receiving prenatal diagnosis and increase
the scope of genetic information for which they are willing to test. And that would be
revolutionary.
1. Current Prenatal Genetic Testing
The benefits of cffDNA testing are best understood in comparison to current prenatal and
preimplantation genetic testing techniques. Currently, pregnant women take very different paths
with respect to prenatal genetic testing. Some women know that they do not wish to receive any
genetic information about their fetus, therefore they will decline both prenatal genetic screening,
which will provide them with probabilistic information (e.g. 1 in 200 or 1 in 5) on whether their
child will have a specific genetic disorder, and invasive prenatal diagnosis, which will provide
them with diagnostic information on whether their child has the disorder (e.g. positive or
negative). Other women know that they definitely want diagnostic information as early as
possible and are willing to undergo an invasive test with a slight risk of miscarriage to receive it.
Frequently, these women either have a family history of a genetic disorder or they are at
advanced maternal age (over 35), which increases the risk of Down Syndrome and other
disorders. Such women commonly receive IPD in the form of chorionic villus sampling (CVS)
between 10 to 14 weeks gestation.72 In general, women with strong opinions either against
screening or for immediate invasive diagnostic testing tend to be in the minority.
Most pregnant women elect to have prenatal genetic screening to determine whether their
fetus is at elevated risk for a specific disorder, and then, if so, make a decision regarding
diagnostic prenatal testing. Prenatal genetic screening can include anything from a single blood
test in the second trimester (15-20 weeks) to a series of tests – a blood test between 10-13 weeks,
an ultrasound between 11-13 weeks, and another blood test between 15-20 weeks.73 The more
information gathered during the screening process, the more accurate the screening results.
Currently, prenatal genetic screening offers prospective parents risk information for open neural
tube defects, abdominal wall defects, certain genetic diseases, such as Smith-Lemli-Optiz
syndrome, and chromosomal diseases, such as Down Syndrome.74 Both the blood tests and the
ultrasound have limitations. The blood tests only provide information on the probability that the
fetus will be affected based on certain markers in the blood, which can often be difficult to
interpret for parents and providers, and ultrasound only detects physical anomalies.75 If the fetus
screens positive for any of these conditions, the pregnant woman must decide whether to wait
until the fetus is born to know if it has a disorder, or undergo another form of IPD, known as
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amniocentesis, 76 to provide diagnostic information about the fetus prior to birth. 77 Physicians
can perform an amniocentesis during the second trimester between 15 and 24 weeks gestation.78
Both forms of IPD, amniocentesis and CVS, cost around $1,500, are uncomfortable for the
woman, and have about a .5-1% risk of miscarriage.79 As a result, most women currently do not
opt for any form of diagnostic prenatal genetic testing unless a serious genetic or chromosomal
disorder runs in their family or they screen high risk for a disease that would cause them to
consider pregnancy termination.80 In addition, these risks limit the conditions for which
physicians will offer IPD, as ethically they must balance the risks of a procedure with its
benefits.81 With IPD, a physician should only offer testing when the informational benefit
provided to the couple could outweigh the miscarriage risk and discomfort.82 This limits both the
number of women who undergo prenatal diagnostic testing and the conditions for which testing
is available.
2. Preimplantation Genetic Diagnosis
Women can also receive reproductive genetic testing prior to pregnancy in the context of in
vitro fertilization (IVF) accompanied by preimplantation genetic diagnosis (PGD).83 PGD
permits prospective parents to make reproductive decisions prior to implantation of an embryo,
which enables them to avoid a termination decision based on the genetic and chromosomal status
of their fetus. To perform IVF, a clinician harvests eggs from the woman and combines each egg
with sperm in a petri dish in hopes of fertilization.84 On the third day after fertilization, an
embryologist removes one cell from each embryo that has fertilized and developed to an eightcell stage, and then sends the DNA inside that cell to a laboratory for genetic testing.85 The
prospective parents can then decide which embryos to transfer to the womb based on the results
of the test.86
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PGD has a number of drawbacks that limit its use in the United States to a few thousand
cycles per year.87 First and foremost, this method of reproductive genetic testing is significantly
more expensive than prenatal testing, costing around $10,000-$12,000 per IVF cycle and an
additional $6,500-$8,500 for PGD.88 The sheer cost alone is sufficient to make PGD financially
inaccessible for many couples. Second, the procedure carries risks to both the woman
undergoing the procedure and the fetus.89 In order to retrieve the eggs for fertilization, the
woman must take large doses of hormones to trigger her ovaries to release more than one egg, be
put under anesthesia, and have minor surgery.90 Children born through IVF also experience
slightly higher rates of congenital malformations and birth defects.91 Finally, in addition to the
expense and the risk, each IVF and PGD cycle only has about a 30% chance of producing a
viable pregnancy, which may cause many prospective parents to opt against the procedure.92
3. NIPD through CffDNA Testing
While prenatal and preimplantation diagnostic testing can provide parents with the ability
to engage in reproductive selection for a wide variety of conditions, due to the risks and expense
of the procedures, prospective parents use these methods only in rare instances. By comparison,
cffDNA testing has three critical features that differentiate it from current methods of
reproductive genetic testing in ways that will remove many of the existing roadblocks for
prenatal genetic testing. It offers diagnostic information from a non-invasive test that is available
early in pregnancy, and will be comparatively less expensive.
First, the cffDNA testing can be completed from a maternal blood test, making it noninvasive of the uterus.93 Therefore, it eliminates any risk to the fetus and reduces discomfort to
the mother, which may significantly alter pregnant women’s opinions regarding testing.
Currently, under 2% of all pregnant women receive diagnostic prenatal or preimplantation
genetic testing due to the expense, discomfort, and risks to mother and fetus.94 However, in
California, where all pregnant women are required by law to be offered prenatal screening,
which offers only probabilistic information, approximately 70% accept.95 This demonstrates that
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a substantial majority of pregnant women have both an interest in genetic information about their
fetus and a willingness to undergo a blood test to gain that information. A woman who was
willing to have a blood test to obtain probabilistic genetic risk information is likely to be equally
willing to have a similar blood test that would provide her with diagnostic information.96
At initial obstetrics appointments, most pregnant women already undergo a number of
blood tests, which should ease the integration of NIPD into early prenatal care for both
physicians and patients.97 Physicians simply need to add an additional lab test to their standard
list, and patients must have an additional vial of blood drawn. Since the addition of NIPD will
not require an additional visit to the physician or the laboratory, pregnant women are more likely
to have the test and view it as part of standard prenatal care. One expectant mother stated upon
being told about NIPD, “If I had the opportunity to take a blood test instead of amniocentesis, I
would take the blood test hands down. . . You get poked a million times anyway when you are
pregnant. Another blood test is no big deal. But a needle going in the amniotic sac and
potentially harming the baby is scary, particularly at an older age.”98 As a result, more women
may decide to have the test, and more physicians may offer it for a wider range of conditions.
Second, NIPD can be given to women very early in the pregnancy, in some cases as early as
seven weeks gestation.99 This offers significant benefits for decision-making and clinical care. In
comparison, the earliest CVS and amniocentesis can be offered is ten and fifteen weeks,
respectively. However, most women will not receive diagnostic information until later in their
second trimester, because most of them only opt for amniocentesis following a positive prenatal
screening result.100 As noted above, prenatal screening protocols cannot be completed prior to 15
weeks, and then a pregnant woman must wait for the results. If her pregnancy screens “high
risk,” then she must make an appointment with her obstetrician and/or genetic counselor to
determine whether to undergo an amniocentesis. If she opts to have the IPD, she must schedule
an appointment, have the procedure and again await the results. All of this will take a few weeks,
states, California and Iowa, is likely to be higher than the rest of the country. However, this finding does suggest a
desire among women to have such information.
96
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meaning that if her fetus tests positive for a disorder, she will decide whether to terminate the
pregnancy closer to 18-20 weeks. Many states prohibit pregnancy terminations beyond 24 weeks
gestation except to save the life of the mother, which greatly limits the amount of time
prospective parents have to think about their decision and the options available with respect to
termination.101
In addition, possessing diagnostic information as early as seven weeks gestation provides
significant clinical benefits. In some cases, early detection can improve clinical decision-making
by permitting prenatal treatment to alleviate symptoms of a disorder or improve the clinical
management of the pregnancy or birth.102 For instance, administering antenatal dexamethasone to
female fetuses affected by congenital adrenal hyperplasia at or before ten weeks gestation can
reduce genital ambiguity.103 Also, as noted above, testing levels of cffDNA in maternal blood
can identify abnormal placental function before significant symptoms arise allowing for
improved monitoring and prenatal care from an earlier point in the pregnancy.104 The earlier
timing of NIPD offers significant benefits both clinically and for patients’ decision-making
processes. The significance of this timing shift will be further discussed in more detail in Part
IIIC.
Third, NIPD will be less expensive than current forms of prenatal or preimplantation
genetic testing, making it more easily accessible. The cost of DNA sequencing is rapidly
dropping. In 2008, Steve Quake estimated the cost of his aneuploidy test would be approximately
$700.105 By 2010, the price had dropped nearly 60% to $300.106 As DNA sequencing technology
improves, the cost of genetic testing is expected to continue to drop, so much so that the cost of
sequencing of an entire human genome has been estimated to be under $1000 within two
years.107 While the reduction in cost will lower the expense of all prenatal and preimplantation
genetic testing, the costs of IPD and PGD will remain much higher due to the clinical expertise
and setting required to perform the procedure. As a result, NIPD will offer newly pregnant
women a less risky, comparably inexpensive way to find out a great deal about their fetus’
genetic makeup almost immediately upon discovering they are pregnant.
II.

The Difference cffDNA Makes

This combination of factors raises the importance of considering the implications of
widespread reproductive genetic testing from an interesting thought exercise to an imperative
social concern. It does so by increasing the number of women who will undergo reproductive
genetic testing, broadening the scope of conditions and characteristics that can be tested for, and
101
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providing genetic information to parents at a point in the pregnancy when the information is
more actionable.
A. Increase in Volume
Due to the clinical advantages of NIPD over existing reproductive genetic testing techniques,
its adoption into clinical practice will expand the number of pregnant women who receive
prenatal genetic testing. The scope of the increase will depend on three major factors: 1) the
underlying patient demand for fetal genetic information; 2) the rate of adoption of NIPD testing
by OB/Gyns; and 3) the level of insurance coverage for the procedure. Importantly, these three
factors are not independent of one another, such that as patient demand and physician support
increases, so will the likelihood of insurance coverage. The inverse is also true, as insurance
coverage expands patient demand and physician adoption will also increase.
Patient demand for fetal genetic information depends on the ease of obtaining the
information and its quality. Pregnant women will be more likely to undergo reproductive genetic
testing as expense, discomfort and risk decrease and the quantity and quality of genetic
information available increase.108 NIPD offers an improvement over current reproductive genetic
testing technologies at each of these levels. As mentioned above, the reduction in risk and
discomfort associated with NIPD will likely cause many women to recalculate their decision to
have prenatal screening and testing. One group of pregnant women, surveyed in the Netherlands,
strongly supported the use of NIPD on a societal level for health-related conditions.109 The study
found that 81% of pregnant women agreed that NIPD should be offered to all pregnant woman to
diagnose Down Syndrome, while only 45% agreed that invasive diagnostic tests should be
offered to all woman to diagnose Down Syndrome.110 While the attitudes of pregnant women in
the U.S. may differ somewhat from pregnant women in the Netherlands, the demand for fetal
genetic information obtained in a non-invasive manner is likely to be quite high.111 Further, as
with all genetic testing, the cost of NIPD should continue to decrease, while the range of
conditions available for testing and the reliability of information should increase.112
Similarly to patients, physicians will adopt a new technology when the balance of its
advantages and disadvantages offer an improvement over a similar comparison for the existing
technology.113 For instance, if a new medical device offers greater clinical advantages with fewer
disadvantages for a similar price, the device will likely be widely adopted. With NIPD, the
clinical advantages of diagnostic genetic information at an earlier point in the pregnancy
accompanied by an substantial decrease in risk and cost when compared to current prenatal and
preimplantation genetic diagnosis make the case for its adoption quite compelling.114
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The potential for a wrongful birth lawsuit may also speed the integration of NIPD into
standard prenatal care. Wrongful birth suits permit prospective parents to sue a physician for
negligence in testing or failing to offer genetic tests, that if given, would have identified a genetic
disorder in the fetus and permitted the prospective parents to abort the fetus.115 Wrongful birth
suits do not permit the prospective parents to recover for the genetic disorder itself, but rather for
the loss of the choice to terminate the pregnancy and the damages that result from that loss.116
Physicians have argued in wrongful birth lawsuits that the risk of miscarriage associated with
IPD justified not offering diagnostic testing to the patient. Given the reduced risk of fetal
miscarriage associated with NIPD, physicians may feel obligated to offer prospective parents
NIPD for a wide range of genetic disorders and conditions not currently part of the prenatal
screening protocol to avoid a potential suit for wrongful birth.
As mentioned above, the speed of NIPD adoption will also largely depend on whether
insurance companies cover its use. Insurance coverage will increase patient demand for the test
and ease physician adoption. In the United States, both private and public health insurance offer
coverage for prenatal care. Private health plans are becoming more reluctant to offer coverage
for new technologies in the absence of clinical research demonstrating its effectiveness overall,
and its cost-effectiveness over existing technologies.117 Private insurance companies are unlikely
to cover NIPD without a rigorous testing period, but given NIPD’s advantages over existing
prenatal testing, eventual coverage of NIPD testing seems likely. This is especially true as each
additional genetic disorder detected presents the possibility that the parents will abort the fetus,
which, if born, would prove very costly for the insurance company.118
Given this potential insurance company viewpoint, it is essential to ensure that NIPD is
presented in a way that enhances the ability of pregnant women to make an informed decision
based on sound information and a clear assessment of her personal values, rather than simply
promoting testing and abortion. Unfortunately, private insurance companies often reimburse for
diagnostic tests at significantly higher levels than for pretest counseling.119 Such a
reimbursement model might lead physicians to spend their very small amount of compensated
time encouraging NIPD, rather than helping patients determine which NIPD tests, if any, they
desired.120 If patients believe that NIPD testing for a wide range of conditions is an expected and
accepted part of “good prenatal care”, rather than an option to receive information that may assist
in their reproductive decisions, many women may receive unexpected and unwanted
information.121 Such a result could be extremely detrimental for pregnant women seeking NIPD
and should be avoided.
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Obtaining public health insurance coverage through Medicaid will present additional
challenges.122 In the last two decades, Medicaid has become the single largest payor of maternity
related services in the United States, financing four in ten of all births annually.123 Medicaid
currently covers the poor, aged, disabled, blind, and their dependent children; states can also
extend coverage to low-income pregnant women and children.124 In keeping with the
recommendations of the American College of Obstetrics and Gynecology (ACOG) that all
pregnant women should be offered prenatal genetic screening and/or diagnosis, Medicaid
programs in thirty-seven states and the District of Columbia (D.C.) currently cover prenatal
genetic screening services.125 In addition, Medicaid programs cover prenatal genetic diagnosis
through CVS in forty-one states and D.C. and through amniocentesis in forty-three states and
D.C.126 Twenty-three state Medicaid programs and the D.C. Medicaid program also cover
genetic counseling services for pregnant women.127 In those states that have already adopted
prenatal genetic screening, testing and counseling, coverage of a less expensive, non-invasive
genetic testing option should be perfunctory, provided the accuracy and reliability of the test
were similar.128
For those state Medicaid programs and private insurance plans that do not currently cover
prenatal genetic testing and screening, the benefits of NIPD may shift the balance in favor of
coverage. Since the children subsequently born will be covered either by the Medicaid or the
parents’ private insurance plan, engaging in early diagnosis through NIPD and prenatal treatment
for placental complications, RhD typing and CAH may prove cost effective in comparison to
later prenatal or postnatal treatment. When prenatal diagnosis is used to inform a termination
decision, earlier diagnosis can reduce the rate and severity of complications during an abortion,
as the earlier a termination occurs, the lower the risk of complications.129 If women decide to
terminate prior to nine weeks gestation, they may elect to have a “medical” rather than surgical
abortion, which also has lower complication risks.130 Many private insurance plans cover both
surgical and medical abortions, as well as any treatments that arise from complications during
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the procedure.131 In the case of Medicaid, the Hyde Amendment prohibits the use of federal
funds for abortion132 except in the case of rape, incest, or when the mother’s life is in danger,133
but states may elect to use their own funds to offer additional benefits. Thirty-two states do not
offer funding for abortion beyond the federal level, but three of those have explicitly created an
exception that permits the use of state funds for an abortion in the case of fetal abnormality.134
Likewise, seventeen states and the District of Columbia have gone beyond the federal minimum
coverage guidelines and offer funding for all or most medically necessary abortions, medical or
surgical.135 Fewer complications and a reduction in surgical abortions can provide cost savings
over current methods of prenatal diagnosis followed by pregnancy termination. For the reasons
stated above, the state Medicaid programs and private insurance plans that do not currently cover
prenatal genetic diagnosis may be more likely to do so once NIPD becomes commercially
available.136
On the other hand, citizens in some states may voice significant moral opposition to
Medicaid coverage of NIPD due to the perception that its use will increase abortion.137 As a
result, some state Medicaid programs may refuse to offer NIPD or will limit its use to a smaller
set of conditions for political reasons related to protecting unborn life and narrowing the reasons
for which a woman could seek an abortion. Bans on Medicaid coverage of NIPD in some states
could significantly limit access to NIPD Medicaid recipients, further increasing health disparities
between socioeconomic groups in ways that could have significant societal repercussions. If
genetic diseases became largely associated with lower socioeconomic groups, discrimination
against those with diagnosable genetic disorders could increase and the amount of societal
resources for individuals living in society with those disorders could decline. As a society, we
should strive to ensure that NIPD is offered on an equal basis to all pregnant women.138
Overall, however, NIPD offers many benefits over current prenatal and preimplantation
genetic screening and diagnosis options to pregnant women, physicians, and insurance providers.
These benefits will make physicians more likely to recommend NIPD, patients more likely to
accept it, and public and private insurance providers more likely to cover it. Each of these factors
will contribute to a substantial increase in the number of pregnant woman undergoing prenatal
genetic testing.139
B. More Information
In addition to the increase in women that will obtain diagnostic genetic testing, NIPD will
significantly broaden the number of conditions for which prenatal diagnosis is both available and
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clinically appropriate.140 The scope of current reproductive genetic testing is limited by both risk
and expense. Prenatal genetic screening only provides relative risk information on a few serious
conditions for which non-genetic biological markers exist, which greatly limits the number of
conditions available for screening. Current prenatal screening programs include screening for
neural tube defects, abdominal wall defects, SLOS, Down Syndrome and Trisomy 18.141
Physicians generally only offer IPD if a woman has a family history of a genetic or chromosomal
disorder, screens high risk for a specific condition, or is high risk due to age or other medical
condition.142 The risks of IPD limit the appropriateness of performing the tests for less severe
medical conditions, sex, behavioral and cosmetic traits in isolation, as medical ethics requires
that the benefit of the information outweigh the risks of the procedure needed to obtain that
information. In addition, few women would be willing to undergo the discomfort and expense of
IVF and PGD without being high risk for a certain disease or condition.143
As a relatively inexpensive, noninvasive blood test, NIPD does not share these
limitations. First, the benefit of nearly any kind of information would appear to outweigh the
risks associated with performing the test.144 Second, a number of start up companies already
offer NIPD testing directly to consumers via the internet for a range of conditions, including
RhD status and fetal sex.145 These kinds of companies will likely offer testing for any condition
for which there is consumer demand. Third, the availability of whole genome analysis from
cffDNA from maternal blood serum will permit DTC companies and physicians to test fetuses
for potentially hundreds of genetic diseases and all chromosomal abnormalities, as well as
predispositions to other multifactorial conditions at the same time.146 The ability to conduct a
whole genome analysis of a fetus from a maternal blood sample means that the scope of genetic
information available through NIPD will be limited only by our knowledge and understanding of
genetics. The combination of genome-wide analysis and minimal risks associated with NIPD
140
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will mean that for nearly all genetic conditions a fetus’ status will be both available and clinically
appropriate to test for.
Some scholars have argued that this “specification creep”147 may occur regardless of a
shift from IPD to NIPD. In fact, because testing for multiple conditions at once would be
possible through both technologies, one could argue that the invasiveness of the procedure would
provide an incentive for parents to test for as many abnormalities or genetic conditions of interest
as possible to justify the risk of testing and potentially termination.148 For several years now,
geneticists have been discussing the merits of broadening the scope of prenatal diagnostic
testing, as genetic testing capabilities have improved.149 Neither NIPD nor IPD requires a
specific breadth of testing.150 The scope can be determined on a patient-by-patient basis, set by
practice guidelines for the profession, or established by policymakers.151 However, regardless of
a whether clinicians offer a wide range of tests through IPD as well, an NIPD protocol will
increase the number of women receiving testing for an expanded set of conditions. And as noted
above, the societal impact of NIPD will depend on the combination of volume of women
undergoing testing, the conditions for which they test, and how they use the information.
C. More Actionable
How prospective parents use cffDNA test results will be a function of how “actionable”
the information is, i.e. how it changes the options open to parents. Because NIPD is available so
early in the pregnancy, its test results are more actionable than IPD results, as they offer more
options for information gathering and treatment, as well as termination.152 First, NIPD offers
prospective parents more time to learn about the condition their fetus has, what support
structures exist in society for individuals with that condition, and what life with an affected child
would entail. In 2008, Congress passed the Prenatally and Postnatally Diagnosed Conditions
Awareness Act, which aims to help women who receive a diagnosis of Down Syndrome or other
condition with “up-to-date information on the range of outcomes for individuals living with the
diagnosed condition, including physical, developmental, educational, and psychosocial
outcomes.”153 Physicians could further supplement these requirements by providing pregnant
women with information and resources to help them understand the realities of life for families
living with disability. NIPD offers pregnant women significantly more time than current IPD
protocols to make use of such resources and potentially connect with families of children with a
similar diagnosis.
Secondly, for women who would consider termination, more may choose to undergo NIPD
because it offers diagnostic information at a point in the pregnancy when the termination options
may be more tolerable both physically and emotionally.154 Until nine weeks after the first day of
her last menstrual period, a woman can have a medical abortion, as opposed to a surgical
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abortion.155 In a medical abortion, the woman takes a combination of medications, usually
misoprostal and mifepristone, to end the pregnancy and cause the uterine lining to shed.156
Medical abortions are noninvasive and do not require anesthesia, and therefore a woman can take
the medication and abort the fetus in her own home rather than in a clinical setting.157 Even if a
woman does not decide to terminate during the window when a medical abortion is possible,
surgical abortions performed earlier in the pregnancy are less complicated and safer.158 In
contrast, surgical abortions performed after amniocentesis occur in the second trimester and
require much more invasive procedures.159 Dilation and Evacuation (D&E), the most common
procedure performed after 14 weeks, generally requires that the provider insert a synthetic dilator
into the cervix for 24 hours prior to the procedure, which is then followed by the insertion of
cone-shaped rods to continue the dilation process.160 Once the woman is dilated, the provider
places a tube into the uterus to suction out the majority of the fetal tissue, and then uses a
curettage to scrape out any remaining contents.161 Due to the increased risk to the woman during
a D&E, it is usually performed in a hospital setting.162 The safer and less invasive termination
options offered by NIPD may make women more willing to engage in selective termination
based on the genetic characteristics of their fetuses.
Further, early in the pregnancy, women may find an abortion more tolerable emotionally. At
seven weeks, women have had little opportunity to bond with the fetus or acclimate to being
pregnant. The pregnancy may not feel “real” at that point. Few have revealed their pregnancy to
many others, and fewer still are physically showing their pregnancy at that point. Many women
may feel that the fetus has not developed to the point of becoming a “baby” by seven weeks,
which may make abortion less psychologically traumatic at that time.163 By 15 weeks when
amniocentesis becomes available, the pregnancy and the fetus have developed significantly.
Women who undergo an amniocentesis generally have decided that they want a baby, but they
are concerned about the risk of disease or disorder.164 For nearly four months leading up to the
testing, the woman has been thinking about the pregnancy and bonding with the fetus. She is
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most likely showing and has probably shared the news of her pregnancy with others. All of these
factors may make termination of an otherwise wanted pregnancy much more difficult.
The timing of NIPD may also change the calculus regarding what information is “actionable”
with respect to selective abortion by broadening the scope of genetic conditions for which a
pregnant woman would test.165 The emotional and physical hardships associated with having a
second trimester abortion or pregnancy loss may cause many women to either avoid IPD or to
significantly limit the number of conditions for which they would test.166 However, the
availability of diagnostic genetic information at a time when a medical abortion is still possible
may significantly lower many women’s threshold for prenatal genetic testing and expand the
reasons for which they would selectively abort, resulting in an increase in pregnancy
terminations overall.167 For instance, parents who would not abort an otherwise wanted child at
18 or 20 weeks, because they preferred a different sex, may be more willing to do so early in the
first trimester, thereby contributing to “specification creep.”168
More than any other advance in reproductive technology, NIPD has the potential to transform
the way we think about pregnancy and our reproductive decision-making. No single feature of
NIPD in isolation would make it revolutionary, rather it is the combination of factors and their
interrelatedness that will be transformative. NIPD’s capacity to offer significant amounts of
genetic information to prospective parents early in the pregnancy in a safe and relatively easy
manner will contribute to physicians routinely offering it to all pregnant women as standard of
care.169 While non-invasiveness is arguably the most important factor, the breadth of conditions
for which testing will be possible and the early detection date will also increase both the use of
diagnostic prenatal testing, as well as the potential reasons for fetal termination.170 As Hall et al.
suggest, “more generalized use of non-invasive testing could facilitate selective terminations of
pregnancy in a range of conditions hitherto not diagnosed prenatally and where the arguments for
and against termination may not have sufficiently received scrutiny.”171 While NIPD offers
significant benefit over existing reproductive genetic testing, its widespread use raises concerns
regarding its impact on patients, providers, and society as a whole. Medical ethicists and
sociologists have begun to examine the implications of widespread NIPD use,172 but the legal
literature largely remains silent on both the short and long term challenges raised by NIPD use
and the ways in which law and policy can be used to address them.173 Part III will examine in
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depth two distinct challenges raised by the initial implementation of NIPD and offer a potential
solution.
III.

Initial Implementation Concerns
Prior to widespread commercialization and integration of NIPD into prenatal care, two
challenges must be addressed.174 First, providers must decide what tests to offer. By removing
the risks associated with current forms of prenatal diagnostic testing, NIPD lowers the threshold
for appropriate genetic testing. However, the accuracy and reliability of many genetic tests
remain unproven, while other tests offer little clinical benefit.175 Unfortunately, few obstetricians
have sufficient training in genetics or available time to identify those tests appropriate for
NIPD.176 Secondly, providers must decide what information to give patients regarding the tests
offered. The advent of NIPD testing will place significant strain on our current practice of
genetic counseling and informed consent for prenatal genetic testing, and will require a new
paradigm of informing patients of the risks and benefits of engaging in prenatal genetic testing.
Both the challenges involved in determining which tests to offer patients and what information to
provide them with have the potential to create confusion, misinformation and problems for
prospective parents and prenatal care providers attempting to use NIPD. This article proposes a
single solution to both issues in the form of panels of genetic tests designated as meeting a
threshold level of accuracy and clinical validity requirements and encompassing disorders with
similar characteristics for genetic counseling purposes.
A. What Tests to Offer?
As our ability to offer a range of genetic test expands, minimum standards for the genetic
tests offered through NIPD panels should be established.177 As noted above, physicians have an
ethical obligation to avoid engaging in a medical procedure for which the risks outweigh the
benefits.178 Historically, this obligation has limited prenatal genetic testing to a handful of wellresearched, severe genetic conditions. For NIPD, the balance of risks and benefits changes
significantly. In the absence of a significant risk to the fetus or mother, the benefit of added
information, even imperfect information, will appear to outweigh the risks of testing.
Unfortunately, with respect to many genetic tests, imperfect information abounds.179 Neither the
public nor physicians are well equipped to analyze the complexities of genetic interactions,
laboratory testing methods, or the statistical risk factors required to determine the usefulness of
many genetic tests.180 As a result, the risk of false or misleading information may frequently go
unacknowledged. In the realm of NIPD, this can have devastating results in the form of the
termination of an unaffected child, the birth of a child with a condition thought to be excluded,
unnecessary anxiety, or general misinformation.181
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According to the National Institutes of Health Secretary’s Advisory Committee on
Genetic Testing (SACGT), the benefits and risks of using any genetic test should be evaluated
across four criteria: analytical validity, clinical validity, clinical utility, and social
consequences.182 Analytic validity is “how well a test measures the property or characteristic it
is intended to measure.”183 Clinical validity indicates how well the test results correspond to the
presence or absence of a clinical disease or predisposition.184 Clinical utility refers to the
usefulness of the information provided by the test to the patient or physician.185 Finally, even
analytically and clinically valid tests with high clinical utility may present negative social
consequences in the form of discrimination for individuals receiving the test or living in society
with stigmatized conditions.186 Each of these four evaluative criteria should factor into a
physician’s decision to use a certain test for NIPD.
With respect to genetic tests, analytical validity means that the test accurately identifies the
targeted sequence of nucleic acids.187 In judging the analytic validity of a genetic test, providers
currently have little information to go on. Regulating access to genetic tests based on analytical
validity is typically left to the Center for Medicare and Medicaid Services (CMS) and the Food
and Drug Administration (FDA), yet neither agency has taken an authoritative stance with
respect to regulating genetic tests.188 Through the Clinical Laboratory Improvement
Amendments (CLIA), Congress granted CMS the authority to regulate diagnostic tests
performed in clinical laboratories.189 CMS requires laboratories that perform clinical tests within
more complex areas of expertise, such as microbiology or diagnostic immunology, to obtain a
specialty certification that requires minimum scores on proficiency tests and quality assurance
measures, as well as minimum training requirements for personnel.190 However, CMS has not
created a specialty certification for genetic testing.191 Accordingly, there is, at best, little
oversight of the analytical validity of genetic tests provided by any specific laboratory.192
In addition to CMS, the FDA also has the ability regulate commercial use of any genetic
test that qualifies as a medical device.193 To the extent that a genetic test used for NIPD qualifies
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as a medical device under the Food and Drug Modernization Act by providing diagnostic
information about a fetus, the FDA has the authority to determine whether the test meets safety
and efficacy requirements needed for commercial use.194 To date, the FDA has not exercised this
authority to regulate most genetic tests.195
However, the agency seems more likely to begin regulating the safety and efficacy of
genetic tests in the near future. In July 2010, the FDA held hearings to receive comments from
stakeholders regarding how the government should oversee the validity and accuracy of genetic
tests and other in vitro diagnostics.196 As genetic testing becomes more prevalent in commercial
markets, DNA microarrays are more widely used to test for multiple genetic mutations, and
geneticists use complex statistical algorithms to evaluate those results in order to provide patients
with diagnostic information on a range of conditions, the FDA will likely take on a more active
role in regulating the analytic validity of genetic tests.197 However, how the FDA will go about
regulating these multivariate assays remains to be seen and will likely require deviation from its
current protocols regarding medical devices.198 The FDA did indicate that the level of regulation
required will depend on the risk the specific test poses to the consumer, including the potential
harm from an incorrect result.199 This statement may indicate that the FDA intends to regulate
access to genetic tests based on their usage as well as their accuracy.
While FDA guidance on analytical validity will be a step in the right direction, it will do
little more than provide a minimum requirement for decisions regarding reproductive genetic
testing. In examining a genetic test’s overall efficacy, the FDA will hopefully also include
information on the test’s clinical validity. In general, genetic tests have high analytic validity,
meaning they are highly accurate in measuring the presence of the particular DNA sequence of
interest, but their clinical validity or the ability of the test to detect a condition or a predisposition
to a condition of interest to the patient is less reliable.200 Clinical validity analysis will reveal
how closely associated the tested genetic sequence is with the onset of the disease or condition in
question. In other words, if an individual has the gene sequence targeted by the genetic test, how
likely is it that he or she will have the genetic disease or condition?
Information on this genotype/phenotype association is essential for deciding whether to
offer a genetic test and it can be affected by many factors. First, a particular allele may be only
one part of a multifactorial predisposition to disease; other genetic sequences or environmental
factors and their interaction may also contribute to the presentation of the disease phenotype.201
Second, an allele may have low penetrance, meaning that the presence of the disease genotype
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does not always result in the disease phenotype.202 Low penetrance can even occur in single gene
disorders.203 Finally, epigenetic factors, which are also controlled by other genes and the
environment, can affect whether a gene is turned “on” or “off”, which would determine the
phenotype.204 Any one of these factors could cause an individual to receive a positive test result
from a test with high analytical validity, but have a child who does not present with the
phenotype of the tested for condition. A test with low clinical validity could cause a woman to
abort a fetus that would never develop the genetic disease, causing needless heartache and
loss.205 While the FDA is determining how to regulate genetic tests, providers will be left to
make choices on their own with little guidance. Unfortunately, most have little training in
genetics and sparse understanding of the numerous factors that can affect the presentation of a
genetic disorder.206 Further, to properly make choices regarding which tests to offer, providers
will have to know these factors for a wide array of genetic tests.
Rather than providers learning this information, biotechnology companies eager to get into
the prenatal testing market are likely to make choices of what tests to offer for providers by
creating genetic testing protocols. Existing companies, like Counsyl and 23&Me, currently offer
pre-packaged genetic testing protocols that can be used for reproductive decision-making.207
Counsyl, a genetic testing company in Silicon Valley, sells the Universal Genetic Test that
enables prospective parents to know if a future child would be at risk for a recessive genetic
disorder because both parents carry recessive alleles associated with the disorder.208 The
Universal Genetic Test offers diagnostic testing for over 100 of the most common recessive
genetic disorders.209 23&Me also offers carrier screening for twenty-four genetic disorders to
enable prospective parents to know if their offspring are at risk of inheriting a genetic disease.210
In addition, 23&Me sells a range of genetic testing protocols to satisfy consumer interest,
including panels on ancestry testing, disease risk, and drug response.211 Often the genetic tests
offered as part of these protocols do not have the highest clinical validity, but instead offer
imperfect information on conditions likely to be of interest to consumers.
DTC genetic testing companies are not subject to guidelines from the American Society for
Reproductive Medicine (ASRM) or any other professional society regarding the appropriate uses
of NIPD. Further, they do not owe their customers the same ethical and legal obligations that
physicians owe to their patients. In fact, their ethical obligations are almost entirely owed to their
shareholders, which may incentivize the sale of tests for genetic conditions of great interest to the
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population, despite their lack of clinical validity or utility.212 Given these risks, the challenges of
communicating genetic risk information, the limited accuracy of certain genetic tests, and the
extreme potential consequences of providing risk information in a prenatal context,
some states may require physician involvement in NIPD testing, as many do with other
laboratory tests.213 However, DTC companies have largely side stepped that requirement by
keeping physicians on staff to prescribe tests and offer limited forms of counseling.214 Until the
FDA provides a meaningful national approach to certifying the safety and efficacy of DTC
genetic tests, state governments may be the only line of defense patients and consumers have
against inaccurate or low utility tests. At a minimum, states should ensure that prospective
parents receive NIPD for all medical tests under the guidance of an unbiased medical provider by
passing laws or regulations that permit NIPD only under the guidance of an independent
physician. While a physician may not have perfect clinical validity information, they do have a
fiduciary duty to act in the patient’s best interest.
Once clinical validity information becomes available, providers will be better equipped to
determine the clinical utility of the test. The clinical utility of a genetic test measures the
usefulness of the information for physicians and patients in making treatment choices. Clinical
utility ranges from extremely high when the test results clearly dictate treatment protocol to very
low if the results would not change the treatment protocol at all.215 Many genetic tests will have a
mid-range utility as they will inform a treatment decision, but other factors will also play a role.
In the case of NIPD, test results can lead to prenatal treatment of the pregnant woman or fetus,
preparation of the parents and physicians for the birth and care of an affected child, or a decision
to terminate. Physicians should derive the clinical utility of a specific test from its known
analytic and clinical validity, and use that information to determine which tests to include in
NIPD. For example, they should avoid use of genetic tests when the analytic or clinical validity
is so low as to negate the clinical utility of the test.
Finally, individual physicians may consider the social consequences in determining
whether to offer certain tests in the prenatal context. For instance, some physicians may opt not
to offer NIPD for non-medical sex selection, because they do not believe parents should
terminate a fetus based on such information. While such a practice will not prevent prospective
parents from accessing NIPD for such a reason, physicians may elect to exercise their personal
autonomy in refusing to offer certain tests based on personal beliefs or potential social
consequences. To this end, the Oklahoma legislature recently passed, over gubernatorial veto, a
law prohibiting wrongful birth actions and in doing so protected physicians from liability for
failing to disclose information that they believe might lead prospective parents to abort a fetus.216
Twelve other states have similarly prohibited wrongful birth actions either by state court
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decisions or legislative action.217 While most states do not have laws that could protect
physicians from failing to disclose information they believe may lead prospective parents to seek
an abortion, all states permit physicians to retain the ability to deny patients medical procedures
they do not wish to perform.218 As a result, some prenatal care providers may decline to offer
NIPD for social reasons, which may limit access for certain portions of the population.
Unfortunately, understanding the analytical validity, clinical validity, clinical utility, and
social consequences of a genetic test requires extensive knowledge and understanding of the
underlying genetic disease, its characteristics, the cultural implications of the specific disease or
condition, and the specific nature of the genetic testing process, which may be beyond the
knowledge and understanding of many obstetricians seeking to determine whether a test is
appropriate for NIPD. In addition, even physicians who have mastered this information may be
unable to effectively communicate it in a manner that enables their patients to make an informed
choice regarding whether they want to test their fetus for such a condition.
B. How Should Providers Inform Patients?
Historically, the main justification for engaging in prenatal genetic screening and testing
is to promote the reproductive autonomy of prospective parents.219 The decision to engage in
prenatal screening or diagnosis carries significant weight and can have life-altering results.
Establishing a method of informed consent for NIPD that adequately respects the range of
prospective parents’ desires for information while balancing the practical constraints of
physicians’ and society’s interests is of utmost importance, but will not be easy.220
The law generally requires health care professionals to inform the patient of the risks,
benefits and alternatives to a proposed treatment and obtain her consent prior to commencing any
treatment.221 Ethical guidelines for prenatal genetic testing also recognize the importance of
ensuring not only that the patient receives information on all relevant medical facts, but also that
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the patient engages in active decision-making and exercises a free choice to have testing.222
Many scholars have expressed concern that without significant reconsideration of our informed
consent procedures for prenatal diagnostic testing, many pregnant women will not make
informed choices regarding the use of NIPD generally, testing for specific conditions, or
selective abortion.223 The next three sections will examine current informed consent practices for
reproductive genetic testing, why those practices will are not well suited to informed consent for
NIPD, and then I will propose a new model of informed consent for NIPD.
1. Current Informed Consent Practices in Reproductive Genetics
With respect to current prenatal genetic services, informed consent generally occurs in a
two-step process.224 First, the pregnant woman decides whether to engage in prenatal screening
for risk factors associated with Down Syndrome and other genetic and chromosomal
disorders.225 To make this decision, physicians and genetic counselors are advised to provide
women with information on the available methods of prenatal diagnosis; the difference between
screening (via ultrasound and maternal serum analysis) and diagnostic testing (via CVS or
amniocentesis); the risks and benefits of various techniques, including the risk of pregnancy loss
associated with diagnostic testing; the timing of the procedures; details of the diseases and
conditions for which the procedure screens or tests; the frequency of abnormal, false positive,
and false negative results; the frequency of the need for repeat testing; the possibility that certain
abnormalities may go undetected; and for newer procedures, a detailed explanation of their
uncertainty and experimental nature.226 Prior to engaging in prenatal screening, physicians
should discuss with pregnant women which conditions they would like to be tested for and the
different ways they could use the information, should they discover their fetus was at elevated
risk for a genetic or chromosomal disorder.227 This can have a variety of results. Some women
will want as much information as possible. Others will want information, but decline screening
because they would not want to undertake the risk of a miscarriage to receive diagnostic results
should they screen high risk.228 Others might decide that knowing their fetus was at higher risk
might increase their anxiety levels for the rest of the pregnancy and opt against screening. Others
still may want probabilistic information offered by a screening test, but not want to know for
certain the status of her fetus, preferring instead to preserve hope that her child will not have a
particular condition.229 Some women, who would not consider terminating a fetus, might still
want definitive diagnostic information to enable them to prepare for a potentially affected
pregnancy. What is important is that pregnant women are given the opportunity to think through
the implications of having risk information prior to engaging in prenatal screening.
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Unfortunately, empirical research suggests that in many instances pregnant women do not
receive any or all of this information prior to prenatal screening.230 In practice, women often
receive only limited information before prenatal screening and due to the limited risks of the
blood test, are rarely asked to provide informed consent.231 As a result, women often remain
unaware that screening may well lead to decisions regarding IPD and potentially pregnancy
termination.232
In most cases, women receive prenatal genetic screening and then, only if they screen
high risk, do they enter the second step of informed consent and genetic counseling.233 If the
fetus screens high-risk for a certain condition, providers can focus their discussion on that
specific condition and provide extensive information on the child’s prognosis. In addition,
providers will also counsel prospective parents regarding the option of IPD to obtain more
definitive information about the health of her fetus and the risk of miscarriage. At this stage, the
importance of providing patients with clear, comprehensive information regarding the genetic
condition of interest, the risks of testing, and time to reflect on it cannot be overstated. Due to the
rarity of these disorders, many prospective parents will have little to no knowledge of the
disorder or its impact, and therefore they will be “almost entirely dependent on their counselors
for information about disabilities.”234 Unfortunately, many health professionals lack sufficient
knowledge or resources to provide adequate information to prospective parents, especially as
prenatal screening is increasingly performed as part of primary or obstetrical care, rather than via
a geneticist.235 An under-informed provider can greatly hinder a patient’s decision-making
capacity.
Timing is also important to the informed consent process.236 A recent study on informed
consent practices in prenatal testing revealed that 94% of practitioners surveyed believed that the
offer and procedure of IPD should occur on different days.237 This approach gives prospective
parents the opportunity to reflect on their personal values and preferences prior to making a
decision about whether to pursue further prenatal testing to receive a definitive result. Even with
its flaws, prenatal screening followed by IPD enhances the ability of genetic counselors and
prenatal care providers to counsel patients regarding reproductive genetic testing. The minimal
risk and non-diagnostic result associated with prenatal screening reduces the requirement for
extensive counseling on the wide array of disorders screened for, but while still leaving
clinicians the opportunity to provide extensive information on a single high risk disorder prior to
diagnostic testing.
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2. Informed Consent for NIPD
NIPD will not offer the same opportunities. Since its discovery, a handful of scholars
have debated the effect widespread availability of NIPD will have on informed consent for
prenatal genetic testing and reproductive autonomy.238 Opinions range from the claim that NIPD
represents an “ethical imperative”239 required to promote reproductive autonomy to the concern
that NIPD “might pose serious threats to the autonomous decision making of the pregnant
woman240 to the notion that NIPD need not alter informed consent processes for prenatal genetic
testing at all.241
Without question, NIPD offers significant benefits for prospective parents.
First, by removing the risk associated with IPD, NIPD may reduce the ambivalence patients feel
with respect to reproductive genetic testing, and therefore facilitate patients’ ability to make
decisions based entirely on their personal values and preferences.242 Further, NIPD will permit
genetic counselors to focus on discussion of risks associated with the relevant genetic disorders,
rather than those associated with IPD, improving the efficiency of counseling.243 Second,
providing pregnant women with more information about the genetic make up of their fetus will
in many cases enhance their reproductive autonomy by expanding the range of conditions that
factor into their decisions. Finally, the timing of NIPD also increases women’s options and in
turn her reproductive autonomy. In the instance that a fetus is affected by a genetic condition,
being able to undergo NIPD as early as seven weeks gestation leaves parents significant time to
gather information on treatment options, life with an affected child and the support services
available. In contrast, amniocentesis frequently occurs close to the point of viability, leaving
little time for such information gathering.244 If the pregnant woman decides to continue the
pregnancy, she has a greater amount of time to explore treatment options and prepare for the
birth of a disabled child.245 If she elects to terminate, termination will be safer, easier to obtain,
and may be less emotionally traumatic.246 Each of these factors will improve the ability of a
pregnant woman to make a choice based on her feelings about having a child with a specific
genetic condition, rather than other factors that currently must play into the decision.
On the other hand, concerns about NIPD’s impact on reproductive autonomy stem from
the probability that informed consent for prenatal genetic testing will shift from the two-step
process similar to the general one provided for prenatal screening that focuses on the benefit of
risk information in comparison to the minor discomfort of a blood draw.247 One study performed
in the UK suggests that in this context offering NIPD may reduce disclosure, rather than expand
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it.248 Ananda van der Heuval and colleagues surveyed 231 health care professionals involved in
prenatal testing regarding their informed consent practices using vignettes describing one of
three genetic testing situations: IPD, NIPD, and maternal serum screening for Down Syndrome
(DSS).249 The perceived need for a written informed consent varied significantly by the type of
test.250 Ninety-six percent of respondents given the IPD vignette believed that testing should
definitely or probably be proceeded by a written consent, compared to 68% for NIPD and 73%
for DSS.251 Post-hoc analysis demonstrated that opinions about NIPD consent significantly
differed from consent for IPD, but were similar to those about DSS, demonstrating that the
miscarriage risk associated with IPD may be driving perceptions of the need for a formal consent
process, rather than the diagnostic nature of the information contained in the test.252 As a result,
practitioners may fail to adequately consider the remaining implications of the testing
procedures.253 Patients may make the same mistake. Schmitz et al. have argued that removing
the miscarriage risk will eliminate the psychological barrier that often forces patients and
practitioners to make critical judgments about the risks and benefits of prenatal genetic
diagnosis.254
Such an approach ignores the fact that receiving diagnostic genetic information will not
benefit all pregnant women.255 For some, the information can be “toxic.”256 Prenatal genetic
tests, like other genetic tests, can have significant psychological ramifications. Prospective
parents may experience guilt over passing a disorder to the fetus. They may feel guilt that their
child is not affected, when other family members’ children are.257 For late onset disorders, like
Huntington Disease, prenatal testing of a fetus may also reveal that both the fetus parent will
develop the disorder in the future, creating both guilt and anxiety for the prospective parent.258
Prenatal genetic testing presents significant social and psychological risks, including anxiety,
depression, and anger, that patients and providers should not overlook in deciding to test.259 If
patients and practitioners view NIPD as analogous to genetic screening rather than IPD, then
some women will find themselves emotionally unprepared for and unintentionally facing a
decision between termination and carrying an affected child to term.260 Schmitz and colleagues
argue that at this point, “reproductive autonomy would no longer be realizable, and the main
ethical justification for non-invasive prenatal diagnosis would be reduced to mere rhetoric.”261
Other researchers have argued that a one-step approach to NIPD counseling does not
necessarily make prenatal genetic counseling more difficult and ethically problematic.262 Ananda
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de Jong and colleagues claim that it is the expansion of the scope of prenatal testing that others
assume will occur under NIPD that raises challenges for informed choice and reproductive
autonomy, not the nature of the test itself.263 Therefore if clinicians offered NIPD for only the
conditions currently tested for under the two step process of prenatal genetic screening followed
by IPD, the challenges of adequately informing pregnant women are no different for NIPD than
current testing.264 While such an approach would reduce the potential for false or clinically
unclear results, limit the amount of information and discussion necessary to adequately counsel
patients and lower the cost of both the procedure and the counseling,265 the authors make two
assumptions that are not tenable. First, this approach assumes that over time patients will not
demand additional information on which to make reproductive decisions and that DTC genetic
testing companies will not offer testing for additional conditions directly to the public.266 As
noted above, a number of DTC companies have already begun to develop NIPD products.267
Second, this argument assumes that health care providers can and do offer all necessary
information on the conditions tested for during the first step of the two-step process. Empirical
evidence does not support this assumption.268 As discussed above, clinicians do not provide
complete information prior to screening because doing so would be overly burdensome for them,
anxiety provoking for patients, and potentially unnecessary at the point of screening. This is
especially true when a second opportunity for a more in depth and particularized discussion
exists, should one need to occur. As a result, the protocols for informing patients in a consistent
and informative manner are not as firmly established as the authors suggest. Even for providers
that do offer information on all conditions screened for in the first stage of informed consent, a
second opportunity for discussion and clarification still exists prior to making a decision
regarding diagnostic testing. NIPD alters this dynamic, and does so in a way that challenges our
current informed consent process, even if used for the limited set of conditions currently
screened for.
Providing sufficient information to enable a pregnant woman to make an informed choice
about testing her fetus for numerous genetic conditions will require significant changes to either
step in the current prenatal genetic testing informed consent process. Limiting the discussion to
current practices for prenatal genetic screening would be inadequate.269 However, offering
comprehensive information for all genetic conditions similar to genetic counseling once an
individual has screened high risk for a certain disorder to all women undergoing NIPD is
impractical. First, there are insufficient numbers of genetic counselors and adequately trained
obstetricians to accomplish this goal.270 Second, the amount of time and information required to
adequately counsel patients would make it burdensome on counselors and patients as well as
prohibitively expensive.271 Overall, NIPD has the ability to both improve and impede pregnant
women’s exercise of reproductive autonomy. If NIPD is introduced into clinical practice with
little acknowledgment of the challenges it raises for informed choice, many women may receive
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genetic information about their fetus that they are unprepared for and would never have
knowingly sought. However, if health care practitioners, genetic counselors, professional
societies, ethicists and policy makers take this brief opportunity before NIPD becomes
normalized in prenatal care to design informed consent guidelines specifically for NIPD, we can
develop a practice that will permit NIPD to significantly enhance a pregnant woman’s
reproductive autonomy.
3. Two Step Consent Proposal
One possible solution is to require a two-step process for NIPD informed consent – one
appointment for counseling followed by a second for decision-making and testing.272 In van der
Heuval et al.’s survey, 94% of practitioners preferred patients to receive the offer and test on
different days for IPD, whereas 74% preferred a two-step approach for NIPD and DSS.273
Separating the offer and discussion of NIPD from the testing procedure differentiates NIPD from
other routine laboratory tests given to a pregnant woman on her first prenatal visit and signifies
the importance of thinking through the decision to engage in prenatal diagnostic testing. In a
two-step approach, health care providers would first give patients information on the reliability
of NIPD testing and the conditions tested for, then patients could take the information home,
read it over, discuss it with the others close to them, and think through their values and
preferences. At the second appointment, patients could ask any questions they had, discuss their
thoughts with the practitioner, and decide whether to have the test. To expedite the process, the
second appointment could be via telephone if the patient desired and afterward the physician
could call the tests into the most convenient lab for the patient to receive her blood draw. The
two-step process guarantees that the patient knows in advance that she is electing to undergo
diagnostic prenatal testing and requires affirmative action by her to schedule and return for the
testing. It also provides her with an opportunity to examine the information outside of the
physician’s presence and to discuss the decision with her spouse, family, or other interested
parties.
A two-step approach raises some theoretical and practical challenges. Theoretically,
providing patients with additional time to consider genetic testing may not produce more
informed results and requiring two appointments may hinder access to desired treatment.
Empirical evidence on the effectiveness of a two-step model is sparse. In the prenatal context, no
empirical evidence exists to support or refute the assumption that providing patients with
additional time for reflection facilitates informed choice.274 While performing IPD counseling
and testing on same day has been associated with higher rates of uptake, this practice has not
been shown to be associated with making less informed decisions.275 These findings may suggest
that a two-step approach would reduce uptake without improving patient decision-making.
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However, these studies are very limited in number and scope and have not examined single step
counseling in the context of NIPD. Other studies performed on the use of shared decision making
and clinical decision aids, which typically require a two-step approach, have proven to improve
the patient’s knowledge and understanding of the decision and reduce their decisional conflict.276
In these studies, patients receive decision aids to take home and review with others prior to the
meeting with their physician where the treatment decision is made. Clinical research is needed to
determine the impact of a two-step consent process and time to reflect on the ability of
individuals to make an informed choice regarding NIPD. Until the empirical research
demonstrates that a single step approach provides similar levels of informed decision making and
patient satisfaction, clinicians should err on the side of providing patients with more time for
reflection and discussion.
Practically, a two-step approach creates more work for both provider and patient.
Providers may have significant difficulty scheduling separate visits for information and decisionmaking for all of their prenatal patients. Secondly, providing the full extent of information
required to enable a patient to make an informed decision regarding diagnostic genetic testing for
a wide range of conditions will be nearly impossible to compile, let alone convey in an office
visit, or even in an book of materials to take home. Patients are unlikely to read all of the
relevant information on all genetic tests, even with extra time, and may end up making
uninformed decisions. A two-step informed consent process will offer women a chance to think
through their decisions and ensures that they do not unwittingly undergo NIPD, but it will not
remedy the sheer information burden associated with obtaining informed consent for NIPD for a
wide range of conditions.
C. Proposal for NIPD Testing Panels and Corresponding Decision Aids
To remedy challenges in selection of genetic tests appropriate for NIPD and informed
consent, clinicians could offer NIPD in standardized panels that the patient selects based on their
personal values and informational needs. Professional societies, such as the American College of
Obstetricians and Gynecologists (ACOG), the National Society of Genetic Counselors (NSGC),
and the American College of Medical Geneticists (ACMG) (the Professional Societies), with
input from leading stakeholder groups should design testing panels appropriate for NIPD.
Testing panels should be based on salient disease characteristics, in order to simplify informed
consent for approved applications of NIPD.277 For instance, inclusion of a test for a particular
genetic condition on a panel should depend on the analytical validity, clinical validity, and
clinical utility of the test, as well as characteristics of the condition, including age of onset,
average life expectancy, severity of the symptoms, available treatment, and range of variation in
symptoms. Different panels could exist to test for severe diseases with low life expectancy,
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diseases with significant cognitive and physical deficits and no treatment, diseases with
significant cognitive and physical deficits and treatment, late onset disorders, predispositions to
disease, and non-medical conditions, such as sex and other physical traits.
While diseases within each category will differ significantly from one another, many of
the considerations for prospective parents may not. The distinctions between standard panels
should highlight factors that have value for large portions of the population. For example, some
parents may want to test for only those conditions that typically result in death before the age of
five, where as others will want to test for serious mental and physical conditions, but not late
onset diseases. Still others will want access to all available information. Standardizing panels
will permit prospective parents to determine what kind of information they value and obtain only
that kind of information. At the same time, standardized panels will permit genetic counselors to
focus on the implications of certain categories of disorders in predictable ways, while avoiding
having to discuss the implications of potentially hundreds of diseases and conditions.
In an effort to remedy the lack of genetic counseling resources, patient decision aids
could be used to standardize the initial offer of information regarding the various panels of tests
available. Decision aids are videos and reading materials designed to convey standardized
information regarding a medical decision to patients in an accessible manner.278 Decision aids for
NIPD panels would include detailed descriptions and salient features of the kinds of diseases
tested for on a particular panel. Decision aids could also provide information from genetic
counselors using a variety of methods to explain genetic risk information, and the possibilities
false positives and false negatives. In addition, these aids could present a range of values
implicated by prenatal testing and in doing so offer an opportunity to change the discussion
regarding having a child with a genetic disorder or disability on a national level.279 They could
include information on families living with disability and their overall quality of life. Decision
aids can prompt patients to consider their personal values with respect to prenatal genetic testing,
including the kind of information they would want to know, and how they would use it. Patient
decision aids often have patient testimonials that may help patients identify their own values or
questions they may wish to discuss with their physician, family members, or other individuals
with similarly affected children. After viewing the decision aid, patients who were still interested
in receiving NIPD would have a follow up appointment or phone call with their provider to
discuss the risks and benefits of testing for various panels. After an individualized protocol of
panels has been selected and the provider answered any remaining questions, the woman would
sign an informed consent form and go to the lab for testing.
This two-step consent/panel approach raises significant challenges. First, determining
which tests should be on which panel will require difficult line drawing tasks. Placing a
particular test on the severe disorders panel may send a message to prospective parents that there
is an expectation that if their fetus tests positive for that disorder, they would abort. Whereas, if
the same disorder were placed on the moderate physical or mental impairment panel, prospective
parents may not feel the same pressure. Likewise, identifying certain disorders as severe for
prenatal testing purposes may send the message that society does not value their lives as much as
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others.280 As a result, the language used as part of the informed consent process must be very
carefully crafted to avoid sending either of these messages. In many respects, creating decision
aids may help standardize the message patients receive regarding living with disorders of this
type and the fact that the decision to have an affected child remains a viable and socially
supported option. Second, if not carefully tested prior to commercial use, decision aids may
inadvertently bias patient decisions.281 As with all decision aids, a national agency should be
responsible for overseeing the creation of decision aids used for NIPD and testing them through
clinical trials to ensure that they present all options, especially the option not to test, in a
balanced manner. Finally, the use of testing panels may constrain the reproductive autonomy of
prospective parents by forcing them to test for diseases and receive genetic information, which
they otherwise would not want.282 Two potential solutions exist. Providers can offer prospective
parents the choice between a predetermined panel and an individualized set of genetic tests,
which may cost significantly more. Alternatively, providers could permit patients to select the
tests on the panel that they would like to see the results for and keep the results for the remaining
tests confidential.283 While this two-step/panel model presents some challenges, if the challenges
are addressed properly, the benefits appear to outweigh the risks.
A two-step decision-making process that uses decision aids designed for predetermined
panels of genetic tests based on similar characteristics accurately highlights the importance of the
decision to engage in prenatal diagnostic testing, sends the message that testing is neither
expected nor routine, promotes thoughtful reflection by patients, and limits the time and expense
required to adequately inform patients. While such a process does not address all of the concerns
with patient understanding and consent for NIPD, it will greatly improve the patient’s chances of
making an informed decision to engage in NIPD over existing prenatal genetic testing informed
consent procedures.
IV.

Future Societal Challenges from Widespread NIPD Use

As NIPD is introduced into prenatal care, we should consider what widespread NIPD use
may mean for society as a whole. While NIPD will offer significant scientific improvements
over current prenatal and preimplantation genetic testing techniques, does such testing raise any
new questions regarding reproductive genetic testing in general? No, not really. For the last two
decades, legal and ethical scholars have argued over what advances in reproductive genetic
selection mean about our attitudes toward individuals living with disorders being screened for,
the limits of individual reproductive autonomy, and the legal status of the embryo.284 In general,
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most argue that while reproductive genetic testing offers significant benefits, its unconstrained
use portends worsening of societal ills, including increased discrimination against individuals
with undesirable genetic conditions, further socioeconomic stratification, and diminished
autonomy with respect to reproductive choices. With NIPD, the substance of these issues
remains the same, however, implementing NIPD into standard prenatal care, such that someday
physicians might offer every pregnant woman a risk-free way to find out a great deal about her
fetus’ genotype at a very early point in the pregnancy, warrants serious reconsideration of these
arguments. For the remainder of the article, I will briefly highlight some of the concerns
resurfaced and expanded by routine NIPD use, which I hope will spur further discussion,
research and writing in this area.285
Society as a whole should consider the social consequences of making NIPD for specific
conditions part of standard prenatal practice. A routine offer of testing can send a message to
patients that the physician views testing as a good idea and recommends it for a specific
condition.286 In addition, a routine offer of testing for a particular condition may also convey a
belief that testing positive for such a condition justifies termination of a fetus. Indeed, the term
“therapeutic abortion” conveys the idea that terminating the fetus is the “treatment” for its
condition.287 On a national scale, normalizing the offer of NIPD to all pregnant women can
create significant pressure on women both to test their fetus and terminate affected fetuses, as the
information is easily available via a risk free medium.288 This pressure can create a loop-back
effect, such that the ease of testing and termination create disapproval for and reduction in
support of women with disabled children, which, in turn, may increase the pressure to test.289
The message may easily be distorted. For instance, Counsyl’s website posts a quote from Steven
Pinker, a professor from Harvard University, stating that “universal genetic testing can
drastically reduce the incidence of genetic diseases, and may very well eliminate them
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entirely.”290 The website also claims “while these [genetic] diseases cannot be cured, with the
Universal Genetic Test they can now be prevented. The test is recommended to be offered to
both men and women and tests for diseases common to every ethnic group, for maximum
safety.”291 Of course, the company fails to acknowledge that its test does not prevent the
occurrence of a genetic disease, instead it prevents the birth of the person with the genetic
disease. Seeking to “prevent” the birth of individuals with undesirable genetic traits is
reminiscent of the eugenic goals of the early twentieth century.292 Without significant thought
and guidance, individual physicians and biotechnology companies may broaden the scope of
reproductive genetic testing and selective termination without adequate consideration for the
message sent to prospective parents or the social consequences of their collective action.
Routinizing NIPD into standard prenatal care creates the opportunity for collective individual
parental decision-making to change the constitution of society. Francis Fukuyama and Franco
Fuger have argued that widespread use of reproductive genetic selection could lead to increased
inequality resulting in a wide division between the “haves” and the “have nots.”293 For instance,
if private health insurance pays for NIPD, but Medicaid does not, this has the potential to
accelerate the division. Further Erik Parens and Adrienne Asch have argued that prenatal genetic
testing and therapeutic abortion have the potential to negatively affect the way society perceives
and treats individuals with undesirable genetic disorders and conditions.294 Specifically,
unfettered NIPD use has the capacity to lead to significantly more abortions of fetuses identified
with certain genetic conditions and more abortions of fetuses for conditions currently not tested
for prenatally.295 But it does not have to.
We should ensure that the option to have a child with a genetic disorder remains a
meaningful option. Whether this remains a reality will depend largely on the information
pregnant women are given about NIPD and how it is framed.296 The offer of NIPD not only
represents an opportunity to help women make a decision regarding their own pregnancy, but it
also represents an opportunity to educate a large portion of the population about the realities and
positive aspects of the lives of individuals and families living with genetic disorders and
disabilities. As a society, we must dedicate ourselves to offering comprehensive support services
for families affected by a genetic disorder and to communicating the availability of those
opportunities to parents who have recently had a fetus diagnosed with such a disorder.
Significant barriers should be put in place to counteract the pressure to test and selectively abort
affected fetuses that pregnant women may experience with respect to NIPD. The only way for
NIPD to enhance prospective parents’ reproductive autonomy is for it to truly broaden the
options available to parents, rather than constrain them through increased social discrimination.
Our ability to prevent the societal harms possible from widespread NIPD use will be determined
by the actions we take from the outset to minimize the hardships associated with living in society
with certain genetic conditions, monitor the collective decision making of individuals in society,
and determine our overall societal goals associated with the use of NIPD.
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Widespread NIPD may also cause us to reexamine states’ abilities to restrict the free exercise
of individual reproductive autonomy. If a woman can abort a fetus because she does not want
any child, does the constitutional protection that affords her that choice extend to protect her
ability to decide to abort a fetus for any specific genetic reason, even if the condition in question
posed no or minimal clinical symptoms? We must consider whether reproductive privacy should
protect the right of a woman to terminate a fetus because she does not want a child with a
specific hair or eye color, or a predisposition to certain behavioral traits. Genetic testing
companies will offer prospective parents this information, and many will accept. A recent study
performed at New York University Medical Center found that around 10% of patients surveyed
at the NYU Human Genetics Program for prenatal genetic testing would test for genes associated
with non-medical traits such as longevity, superior intelligence, superior athletic ability, or
height if they were available.297
In the interest of protecting unborn fetal life, states may attempt to restrict a woman’s ability
to abort based on information she discovered through NIPD. In fact, a handful of states have
recently passed legislation restricting providers’ ability to abort a fetus when he or she knows
that the woman seeks the abortion based on the sex of the fetus.298 The Arizona state legislature
recently expanded the abortion prohibition to make it a class 3 felony to provide an abortion
sought on the basis of the race or sex of the fetus.299 These kinds of laws have significant
practical and theoretical problems. Practically, they will be nearly impossible to enforce. Women
seeking abortions for reasons of race or gender will be unlikely to reveal their reasoning to their
provider. Theoretically, after a woman has undergone prenatal testing and discovered that her
fetus has a genetic condition she does not want, a state may face significant constitutional
challenges in forcing her to bear a child she does not want.300
But that is not the end of the story. A more serious challenge is whether a state can
restrict the kinds of genetic tests available through NIPD for prenatal decision-making. If state
governments cannot regulate a woman’s ability to have an abortion for a specific reason, they
may seek to regulate what prenatal and preimplantation tests a woman can have prior to viability
to prevent parents from discarding fetuses for reasons the state deems not essential to
reproductive autonomy. As a society, we will need to consider how to best balance an
individual’s desire to access all scientifically available information with the interest of a state to
protect fetuses from being destroyed for trivial reasons.301 Regulating access to these tests will
not be easy. Many tests, such as fetal sex determination, serve both medical and non-medical
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purposes. And, as mentioned above, drawing lines regarding which tests are appropriate for
NIPD use may negatively impact individuals living in society with the conditions for which
screening will be available. Answering these questions will be challenging, but we must take the
opportunity to consider the societal implications of widespread NIPD use, what kind of society
we wish to live in, and how far to extend reproductive privacy. Many of these questions have
been explored in depth in relation to other forms of reproductive genetic testing, but NIPD has
the ability to affect the reproductive decision-making at a societal level making it imperative to
reconsider these debates in the context of widespread NIPD.
Conclusion
NIPD is coming, faster than our ability to fully consider the ethical, legal and social
consequences of its use. Without question, NIPD offers prospective parents previously
unimaginable benefits. Parents will have more knowledge about their fetus than ever before.
Every year in the U.S., NIPD will prevent hundreds of women with wanted pregnancies from
miscarriage caused by amniocentesis or CVS.302 Prospective parents will avoid unnecessary
treatment for diseases like RhD incompatibility, and be able to treat other genetic conditions
while the fetus is still in utero or immediately upon birth. However, more than any advance in
reproductive genetic testing, NIPD has the potential to dramatically change not only prenatal
care, but also the way prospective parents think about their potential children. If offering NIPD
testing for a wide range of conditions becomes the standard of care such that it is offered to a
substantial number of pregnant women very early in their pregnancy, prospective parents may
view each pregnancy as “contingent” awaiting NIPD test results. We must take this brief
moment to consider both the initial implementation challenges raised by NIPD, as well as the
broader societal implications of its use. We have the chance to change our thinking about
prenatal testing and the way it is presented to pregnant women. But such presentation must be
done by careful design. Providers will need significant guidance and information on which tests
to offer and how to best inform patients prior to engaging in NIPD. A two-step approach to
informed consent that employs the use of decision aids and test panels created based on the
salient characteristics of the underlying genetic conditions may significantly alleviate challenges
faced in test selection and information transfer with patients. With respect to the broader social
concerns, I have raised a number of potential issues in hopes of stimulating a societal
conversation regarding the appropriate bounds of regulation and use of prenatal genetic testing in
the future. I look forward to continuing to participate in this conversation as NIPD enters the
market.
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