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Noninvasive prenatal screening or advanced
diagnostic testing: caveat emptor

Mark I. Evans, MD; Ronald J. Wapner, MD; Richard L. Berkowitz, MD
The past few years have seen extraordinary advances in prenatal genetic practice led by
2 major technological advances; next-generation sequencing of cell-free DNA in the
maternal plasma to noninvasively identify fetal chromosome abnormalities, and micro-
array analysis of chorionic villus sampling and amniotic fluid samples, resulting in
increased cytogenetic resolution.

Noninvasive prenatal screening of cell-free DNA has demonstrated sensitivity and
specificity for trisomy 21 superior to all previous screening approaches with slightly lower
performance for other common aneuploidies. These tests have rapidly captured an
increasing market share, with substantial reductions in the number of chorionic villus
sampling and amniocentesis performed suggesting that physicians and patients regard
such screening approaches as an equivalent replacement for diagnostic testing. Simul-
taneously, many clinical programs have noted significant decreases in patient counseling.

In 2012 the Eunice Kennedy Shriver National Institute of Child Health and Human
Development funded a blinded comparison of karyotype with the emerging technology of
array comparative genomic hybridization showing that in patients with a normal
karyotype, 2.5% had a clinically relevant microdeletion or duplication identified. In
pregnancies with an ultrasound-detected structural anomaly, 6% had an incremental
finding, and of those with a normal scan, 1.6% had a copy number variant.

For patients of any age with a normal ultrasound and karyotype, the chance of a
pathogenic copy number variant is greater than 1%, similar to the age-related risk of
aneuploidy in the fetus of a 38 year old. This risk is 4-fold higher than the risk of trisomy
21 in a woman younger than 30 years and 5- to 10-fold higher than the present accepted
risk of a diagnostic procedure. Based on this, we contend that every patient, regardless of
her age, be educated about these risks and offered the opportunity to have a diagnostic
procedure with array comparative genomic hybridization performed.
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rogress in science predictably leads
P to improvements in medical care.
Historically, new laboratory tests and
procedures go through 2 major pha-
ses.1,2 First, there is a phase of develop-
ment in which investigators have an idea
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leading to a testable hypothesis. This is
followed by testing, refinement, patent
applications, and publication of results.
Once proof of concept is accepted and
the product is ready for translation to
care, creation of a market occurs based
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on demand for the new approach. This is
followed by a phase of diffusion in which
the new concept moves into the broader
community.

Predictably, as the new concept is
adopted by practicing physicians and
their patients, there is a rapid expansion
of utilization with variable levels of
physician training and understanding,
resulting in performance somewhat less
than that initially projected. Eventually,
with increasing community exposure,
there is improvement in performance
and better recognition of the appropriate
integration into care.

Over the past several years, 2 impor-
tant tools in screening and testing for
fetal chromosomal abnormalities have
developed on separate tracks: microarray
analysis of chorionic villus sampling
and amniotic fluid samples, resulting
in increased cytogenetic resolution, and
next-generation sequencing of cell-free
DNA in the maternal plasma to non-
invasively identify common fetal chro-
mosome abnormalities (Table 1).

These technologies have had widely
divergent pathways toward incorporation
into prenatal practice. Before widespread
introduction into care, fetal microarray
analysis was vetted through blinded
National Institutes of Healthefunded
trials performed by agnostic investigators.
This approach was similar to that taken
with other paradigm-changing prenatal
diagnostic and therapeutic modalities
such as chorionic villus sampling, first-
trimester aneuploidy screening using
biochemistry and nuchal translucency,
antenatal steroids for fetal lung matura-
tion, progesterone for the prevention of
preterm birth, and many others.3-5

On the other hand, cell-free DNA
screening has been a laboratory-developed
test marketed by the developers to the
practitioner and patient communities
without multiple, independent studies
and trials validating its performance prior
to its introduction into the marketplace.
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TABLE 1
New laboratory methods for screening and diagnosis
Methods Description

Array comparative genomic hybridization
(also known as microarray)

Array comparative genomic hybridization is a molecular cytogenetic technique used for the
determination of DNA copy number (deletions or duplications). Array comparative genomic
hybridization can interrogate for the presence or absence of much smaller segments of DNA than
can be seen by karyotype. There are enormous differences in the resolution of array comparative
genomic hybridization methods varying from nearly whole chromosomes that are virtually
indistinguishable from levels provided by fluorescent in situ hybridization to very high resolutions.
Low resolution is used for fresh transfers in preimplantation diagnosis with in vitro fertilization and
by some laboratories on amniocentesis and chorionic villus sampling specimens.
High resolution is currently possible only on direct fetal material such as amniocentesis and
chorionic villus sampling. The higher the resolution, the greater the finding of abnormalities but the
greater the incidence of variants of uncertain significance segments. By lowering the resolution, the
variants of uncertain significance segment percentage goes down, but so does the finding of
abnormalities.
Because the amount of DNA is much higher in chorionic villus sampling specimens than
amniocentesis, chorionic villus sampling array comparative genomic hybridization usually has a
faster result time than amniocentesis.

Next-generation sequencing (also called
Next Gen) or massively parallel sequencing

These are similar approaches of modern sequencing techniques through which an entire genome
can be sequenced within a day. Next-generation sequencing platforms sequence millions of small
fragments of DNA simultaneously in parallel. Bioinformatics can then identify the origin of the
fragments and map them to the reference human genome. Each of the DNA bases are sequenced
multiple times so that variation in the genome can be detected.

Massively parallel sequencing This uses a next-generation platform and bioinformatics to categorize the origin of fragments. By
determining the number of fragments from specific chromosomes (or portions of chromosomes)
and comparing this with the expected contribution, additional or missing chromosomal material can
be diagnosed. For example, chromosome 21 normally contributes about 1.32% of all the DNA. If
there is 2% in a sample, this suggests 3 copies of chromosome 21. This is one approach used in
noninvasive prenatal screening, also called cell-free fetal DNA.

Selective sequencing and selective probes In another approach to noninvasive prenatal screening, fragments from only selected
chromosomes of interest (eg, 21, 18, 13) are sequenced or probed. These probes or sequencing for
chromosome (eg, 21, 18 and 13) combined with the fraction of fetal DNA in the maternal circulation
are used to screen for fetal aneuploidy.
Noninvasive prenatal screening methods can all vary by the depth of discrimination detected and/or
reported (ie, how small a fragment difference they can evaluate). All of these have high sensitivities
for detecting trisomy 21 but lower performance for other trisomies (eg, trisomies 13 and 18 and sex
chromosomes) and much lower performance for microdeletions and duplication syndromes (eg,
DiGeorge, Prader-Willi, Angelman).

Single-nucleotide polymorphisms These are single base pair differences in the genome and are the most common type of DNA
variation in man.

Copy number variants These reflect changes in sequences of DNA: duplications or deletions. These copy number variants
can be clearly pathological, ambiguous, or benign.

Variants of uncertain significance The percentage of ambiguous copy number variants are called variants of uncertain significance.
These have decreased in percentage from about 2% several years ago to now less than 1% as with
increasing experience, formerly variants of uncertain significance segments can now be classified
as pathological or benign.

Evans. Noninvasive prenatal screening or advanced diagnostic testing. Am J Obstet Gynecol 2016.
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This commentary represents the
opinions of the 3 authors who have each
been involved in prenatal diagnosis and
screening for more than 30 years. It is
intended to give our perspective on the
relative advantages and disadvantage
of the emerging technologies and to
present potential pathways to clinical
translation. Because many of the terms
used may be new to many readers, we
provide a short explanation of relevant
ones (Table 1).

Improved diagnostic capability:
chromosomal microarrays
The resolution of prenatally performed
standard karyotypes is limited by the
use of light microscopy and is typically
SEPTEMBER 2016 Am
quoted at about 7 million base pairs but
in clinical, prenatal practice may be 10
million base pairs or higher. Molecular
cytogenetic analyses such as array
comparative genomic hybridization
(array comparative genomic hybridiza-
tion, or microarrays) does not require
direct visualization of the chromosomes
and has the ability to identify much
erican Journal of Obstetrics & Gynecology 299

http://www.AJOG.org


Clinical Opinion ajog.org
smaller cytogenetic changes such as
microdeletions or duplications (ie, copy
number variants). Technically, micro-
arrays can identify copy number variants
less than 200,000 base pairs (200 Kb),
but in clinical prenatal practice, findings
of 500 kb to 1 million base pairs are
routinely reported.

Over the past decade, because of its
increased diagnostic yield (sensitivity)
array, comparative genomic hybridiza-
tion has virtually replaced the karyotype
in the evaluation of dysmorphic neo-
nates and infants and children with
neurocognitive disorders such as autism,
intellectual disability, and epilepsy. The
probability of finding the underlying
cause is more than triple that of the
standard karyotype: from about 3e4%
by karyotype to 15e20% by array
comparative genomic hybridization.6-9

Prenatally, array comparative genomic
hybridization is now the recommended
first-tier test in the evaluation of fetuses
with an anatomic anomaly diagnosed
by ultrasound. Studies have shown that
in these patients, array comparative
genomic hybridization will identify all
unbalanced cytogenetic abnormalities
identified by a karyotype in addition to
finding a clinically relevant copy number
variant, not seen on karyotype, in 6e8%
of patients.10-13

Although specific microdeletions
or duplications are individually rare,
collectively they are more common than
the classic trisomies and can have equally
serious phenotypes. For women younger
than 35 years, these microdeletions and
duplications are more common than
standard chromosome abnormalities
such as Down syndrome.8-10

To evaluate the efficacy of this tech-
nology, the Eunice Kennedy Shriver
National Institute of Child Health and
Human Development sponsored a
multicenter, blinded study published in
2012 that compared array comparative
genomic hybridization to karyotype in
routine prenatal practice. In pregnancies
without ultrasound, anomalies sampled
for routine reasons such as advanced
maternal age, positive biochemical,
and nuchal translucency screening or
maternal anxiety, pregnancies with a
normal standard karyotype were found
300 American Journal of Obstetrics & Gynecology
to have a pathogenic copy number
variant in greater than 1% of cases.9,13

Subsequent studies have confirmed
these findings.10-19

As a result we believe that routine
offering of array comparative genomic
hybridization to all patients is a standard
of care option. Attempts by some in-
surance companies to claim that it is still
investigational despite numerous publi-
cations and hundreds of thousands of
cases are not reasonable. Such claims
follow a pattern seen several times pre-
viously such as with low maternal serum
alpha-fetoprotein screening, multiple
marker screening, nuchal translucencies,
and chorionic villus sampling. In the
1980s and 1990s, many insurance com-
panies fought for several years to avoid
paying for these tests long after most
obstetricians considered it required to be
offered.2

The ability to accurately interpret
submicroscopic copy number variants
was initially questioned because previ-
ously undescribed findings of unclear
significance were found. However, with
experience the clinical relevance of the
majority of these findings is now known.
For example, the original Eunice Ken-
nedy Shriver National Institute of Child
Health and Human Development cohort
had a 2.5% frequency of copy number
variants interpreted as being uncertain.
A review of these same copy number
variants today would interpret less than
1% as uncertain: a rate comparable
with that seen with standard prenatal
karyotype interpretation.13

Noninvasive prenatal screening
Background
Since the sentinel observation of Lo
et al20 in 1997 that cell-free DNA frag-
ments of placental origin are detectable
in maternal plasma, noninvasive prena-
tal screening has focused on this source
of material for prenatal evaluation.20-27

Presently 2 general approaches are
used. Multiple parallel shotgun
sequencing examines large numbers of
DNA fragments28-30 (both maternal and
fetal), identifies their chromosomal
origin, and by counting the number
of fragments from each chromosome
can reliably determine an increased
SEPTEMBER 2016
contribution from a fetal trisomic chro-
mosome. Modifications of this approach
include the preselection of fragments
from specific targeted chromosomes
prior to sequencing24 and the use of
microarray technology rather than
sequencing to determine the relative
contributions of each chromosome.31

In the second approach, single-
nucleotide polymorphisms on the
chromosomes of interest are utilized to
identify the fetal and maternal contri-
butions, and a complex algorithm is
used to predict the probability of fetal
aneuploidy.27,32

Performance characteristics of
noninvasive prenatal screening
For the detection of common aneu-
ploidies, the sensitivity of noninvasive
prenatal screening exceeds any other
screening approach, with detection
of greater than 99% of trisomy 21
pregnancies and 98% of trisomy 18
gestations.23-25,28-30,32-34 This is accom-
plished with an average false-positive
rate less than 1e2 per 1000 (specificity
99.8e99.9%). However, because the vast
majority of the initial studies were
performed in pregnancies at high risk
for aneuploidy or used populations
enriched with excess Down syndrome
cases,24,30 there has been confusion
among patients and some providers
about the meaning of a positive nonin-
vasive prenatal screening.

The primary misunderstanding in
noninvasive prenatal screening inter-
pretation is the failure to consider that
the disorders being screened for are rare
and that even though the test has very
high sensitivity and specificity, a positive
result does not necessarily mean an
affected pregnancy. In fact, even in
a high-risk population such as woman
older than 35 years of age, the actual
probability of an affected pregnancy
following a positive noninvasive prenatal
screening (ie, positive predictive value) is
only about 67%.

In the general population in which the
probability of trisomy 21 is approxi-
mately 1 in 800, the positive predictive
value is less than 20%.28-38 For rarer
disorders such as trisomy 18 and 13
with somewhat lower sensitivity and
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specificity, the positive predictive value
would be even less. Failure to consider
this has led to a general misconception
that a positive noninvasive prenatal
screening effectively replaces diagnostic
testing such as amniocentesis or chori-
onic villus sampling.28-38

Many clinicians using noninvasive
prenatal screening as their primary
screening tool are also eschewing com-
bined first-trimester serum screening
(free b-human chorionic gonadotropin,
pregnancy-associated plasma protein A,
and nuchal translucency).37 In addition
to losing the advantage that the first-
trimester scan provides of establishing
accurate dates and diagnosing multiple
gestations, many major structural
anomalies easily detected at 12e13
weeks are not being discovered until later
in gestation.

In addition, first-trimester combined
screening will identify genetic and
congenital abnormalities not evaluated
by noninvasive prenatal screening35-39

such as congenital heart defects,
Noonan syndrome, and other cytoge-
netic abnormalities.40 For example,
Alamillo et al41 have shown that
approximately 20% of patients with
positive combined screening for trisomy
21 will have karyotype abnormalities
other than the common aneuploidies
screened for by noninvasive prenatal
screening. In addition, about half of
these atypical karyotypes will have a
normal nuchal translucency measure-
ment, demonstrating the independent
value of the biochemical analytes.35,41-45

Similarly, Norton et al44 evaluated
more than 1 million woman having
sequential, biochemical, and nuchal
translucency screening (free b-human
chorionic gonadotropin, pregnancy-
associated plasma protein A, and
nuchal translucency) under the auspices
of the California prenatal screening
program. Approximately 17% of woman
with a positive sequential screen had a
karyotype abnormality other than tri-
somies 21, 18, or 13 or sex chromosome
abnormalities, leaving them with a
slightly greater than 2% residual risk
of aneuploidy if noninvasive prenatal
screening had been performed rather
than chorionic villus sampling or
amniocentesis to evaluate the sequential
screen.
This calculation does not include

microdeletions or duplications, which,
although not screened for, may be
present in all pregnancies and would
increase the risk of an unidentified
cytogenetic abnormality by another
1%.10-18

In another study inwhich noninvasive
prenatal screening and sequential
screening were compared in their ability
to predict all chromosome abnormal-
ities, sequential screening demonstrated
a 10% greater detection rate.45 In our
opinion this strongly suggests that
patients having positive combined or
sequential screening should be offered
a diagnostic procedure as their initial
option, and those choosing noninvasive
prenatal screening must be made aware
of the residual risk if noninvasive pre-
natal screening is negative. In addition, it
is premature to abandon biochemical/
nuchal translucency screening, especially
in a low-risk population in which the
frequency of common aneuploidies is
low.
Another evolving practice is that some

patients with fetal structural anomalies
discovered at a second-trimester scan are
being offered noninvasive prenatal
screening instead of diagnostic testing
with array comparative genomic hy-
bridization. This approach fails to look
for all of the chromosome anomalies
that can lead to these disorders or the
6e8% of cases in which a microdeletion
or duplication will be found. Identifica-
tion of 1 of these cytogenetic abnor-
malities may significantly change the
prognosis for the pregnancy, may
suggest alternative treatment ap-
proaches, and will facilitate meaningful
counseling.
In recognition of the importance

of copy number variants in prenatal
screening, the companies currently
providing noninvasive prenatal
screening in the US market have begun
to add a search for microdeletions to
their panel. Companies have taken 1 of
2 different approaches to this expansion
of their screening capability. Some
have added whole-genome evaluation
in which the contribution of DNA from
SEPTEMBER 2016 Am
all chromosomes is considered and will
report any copy number variant over 7
Mb.46 Others have chosen to identify a
limited number of copy number variants
with specific well-defined phenotypes.

At present the performance charac-
teristics of these additional tests have not
been evaluated in sufficiently sized pro-
spective, clinical trials with full outcome
data collected. Because of the rarity
and small size of any single micro-
deletion, the ability of noninvasive pre-
natal screening to reproduce diagnostic
microarray results will require deeper
sequencing or the addition of an exten-
sive number of probes.

The evaluation of large numbers of
these smaller segments of the genome is
likely to cause an overall increase in the
false-positive rates, even with a speci-
ficity of greater than 99% for detecting
each condition. Preliminary experience
has already shown that for some
microdeletion/duplication syndromes,
the positive predictive value will be
extremely low.47

For example, screening for the rela-
tively frequent microdeletion associated
with DiGeorge syndrome, which has a
population frequency potentially as high
as 1:1000,39,48 will have a positive pre-
dictive value of only 5%.38 At present,
detection of the limited microdeletions
presently available by noninvasive pre-
natal screening is not equivalent to the
performance of testing on direct fetal
samples.

By our (unpublished) estimate, the
existing data suggest that the micro-
deletions presently detectable by nonin-
vasive prenatal screening are less than
1/1000th of what a microarray on
fetal tissue reveals.30,36,37 Increasing the
detection rate to that available by
diagnostic testing will necessarily be
associated with a substantial increase in
false-positive results. Depending on how
high that rate is and how many micro-
deletions can be detected will determine
the usefulness of this approach as
compared with diagnostic testing.

Procedural risks
A rationale that has fueled the rapid
uptake of noninvasive prenatal screening
is that it avoids the risk of diagnostic
erican Journal of Obstetrics & Gynecology 301
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procedures such as amniocentesis
and chorionic villus sampling.
Contemporary data now confirm that in
experienced hands the risk of procedure-
induced pregnancy loss from either
procedure is less than 1:400.49-53

A recent metaanalysis of the largest
studies comparing sampled with non-
sampled pregnancies demonstrated no
statistical difference in pregnancy loss
between the 2 groups, suggesting that the
risk was even lower.49 This is supported
by a recent nationwide population-based
study using the Danish Fetal Medicine
Database that studied approximately
150,000 singleton pregnant women who
had received combined first-trimester
screening and showed that the risk of
miscarriage and stillbirth was no higher
in women having chorionic villus sam-
pling or amniocentesis compared with
those who did not.52

The advantage of diagnostic testing
compared with screening is that analysis
of fetal cells directly obtained by
amniocentesis or chorionic villus sam-
pling by standard karyotype and array
comparative genomic hybridization
will yield a far higher detection of clini-
cally relevant chromosomal and sub-
chromosomal anomalies than those
detected by screening alone.

For younger patients, the frequency
of these findings will be considerably
higher than that of the classic trisomies
because the copy number variants occur
with equal frequency at all ages. Not
until a woman is 40 years old will she
have a greater risk of having a fetus with a
common aneuploidy.

This difficult balance of values is well
stated in the American College of Ob-
stetricians and Gynecologists guidelines
on prenatal screening from 2007 and
reaffirmed in 201419 that recommends
that all woman should be offered the
option of diagnostic testing. The guide-
lines point out that a woman’s decision
to have chorionic villus sampling or
amniocentesis is based on many factors
including the risk that the fetus will have
a chromosomal abnormality, the risk of
pregnancy loss from the procedure, and
the consequences of having an affected
child if a procedure is not performed.
302 American Journal of Obstetrics & Gynecology
Studies that have evaluated women’s
preferences have shown that they weigh
these potential outcomes differently.54,55

A decision to have invasive testing
should take into consideration these
preferences, and the differences between
screening and diagnostic testing should
be discussed with all women.56,57

Our assessment
An important misconception held by
many patients is that trisomy 21 is the
major, if not only, genetic abnormality
of consequence. This belief has likely
resulted from the fact that for more than
half a century it was the predominant
aneuploidy sought by most screening
programs. As our knowledge base and
genomic tools have improved, however,
it has become clear that this is not
accurate and that whole-chromosome
aneuploidies represent only a small
portion of the genetic causes of birth
defects and childhood neurocognitive
difficulties.6-10

Intellectual disability syndromes with
phenotypes significantly more severe
than trisomy 21 (such as Miller Dieker
syndrome, Smith-Magenis syndrome, or
Prader-Willi syndrome) are caused by
microdeletions.6-10,42 Although each
of these microdeletion syndromes is
individually rare, as a group they have a
frequency that in younger woman is
significantly greater than their risk for
common trisomies.6-10,37,38

Array comparative genomic hybridi-
zation can also identify a considerable
and increasing proportion of the 1e3%
of infants with isolated neuro-
developmental delay as well as a pro-
portion of the 1 in 80 children falling
within the autistic spectrum.10-17

Currently about 20% of autistic chil-
dren have a detectable microdeletion
or duplication.6-10 Early recognition of
these at risk children will allow early
postnatal interventions that in some
cases have been demonstrated to
improve or ameliorate their ultimate
long-term outcome.53 For example, a
recent study has demonstrated that the
prevention of seizures related to the
hypocalcemia seen with the 22q11.2
microdeletion syndrome may prevent
SEPTEMBER 2016
some long-term neurocognitive
alterations.48

We fear that the current sudden shift
away from diagnostic testing with the
potential for enhanced fetal genetic
analysis has consequences that our
patients may not fully understand. We
have never been able to more safely and
thoroughly identify significant fetal ge-
netic disorders, yet the shift to nonin-
vasive screening provides a substantially
less inclusive evaluation. In contempo-
rary medicine we rarely, if ever,
consciously choose this type of approach
without including an appropriately
educated patient in the process.

For the past half century, we have
offered diagnostic testing for a genetic
risk of 1:270 or greater (which is the
midtrimester risk of trisomy 21 in a 35
year old) based on either maternal age or
screening. This paradigm was based,
among other things, on the relative bal-
ance between the genetic and procedural
risks to the pregnancy. This balance has
now changed, with procedures being
safer and identifiable genetic disorders
becoming much more numerous.

For women who are 35 years old or
older, 5 chromosome analysis (from
noninvasive prenatal screening or fluo-
rescent in situ hybridization) will detect
only approximately 80% of the chro-
mosome aneuploidies identified when
diagnostic testing is performed.58 Those
choosing noninvasive prenatal screening
as a secondary test for positive combined
or sequential screens have a greater than
2% residual risk of having a fetus with a
chromosome abnormality following a
negative cell-free test.

Overall, a positive first-trimester
screen using nuchal translucency and
biochemistry followed by obtaining a
fetal karyotype and array comparative
genomic hybridization has a 6e10%
greater probability of finding a chro-
mosomal abnormality than does
noninvasive prenatal screening alone.44

Based on these data, it is difficult
to refute an argument that screening
should be largely abandoned, and pa-
tients wanting to have complete genetic
information about their fetus should be
offered diagnostic (invasive) testing.
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TABLE 2
Prevalence and etiology of congenital anomalies
Anomalies Prevalence

Common trisomies (trisomy 21, 18, 13) 0.2%

Chromosome abnormalities other than common trisomies 0.4%

Pathogenic microdeletions and duplications 1.2%

Mendelian genetic disorders 0.4%

Structural congenital anomalies
(many from de novo mutations)

w2.0e3.0%

Evans. Noninvasive prenatal screening or advanced diagnostic testing. Am J Obstet Gynecol 2016.
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We understand that this approach
may seem to some unbalanced, but so
is omitting important available options.
True balance can be achieved only by
appropriate education and counseling,
and we know that this is not easy. It is
very difficult for most physicians to
keep up with the rapidly evolving field
of DNA analysis, and many are early
in their learning curve. Physician time
constraints, lack of sufficient genetic
counselors, and lack of routine reim-
bursement for genetic counseling all
contribute to the problem.

To facilitate a broader education of
physicians and patients, the Perinatal
Quality Foundation of the Society
of Maternal-Fetal Medicine, in concert
with many of the noninvasive prenatal
screening companies, is developing
educational courses and Internet mod-
ules for both obstetric patients and
providers. This process should hopefully
allow most pregnant women to be
informed of all options in an unbiased
and nondirective fashion.

Recommendations
With the new tools that now allow
expanded fetal genetic testing, it is time
to reconsider how we can best utilize
this capability. Our present screening
and diagnostic approach is more than
half a century old and remains directed
predominantly at identifying Down
syndrome. We must consider enlarging
the concept of prenatal genetic screening
to that of a far more comprehensive
evaluation, which covers the full spec-
trum of diagnosable genetic abnormal-
ities (Table 2).

We believe that current work will
ultimately lead to the potential for
full-genome sequencing of fetal DNA
obtained noninvasively from maternal
blood. The ability to do this has, in fact,
already been demonstrated.59 It is un-
certain how long it will take until it is
feasible to offer this clinically, but in
the meantime we have a responsibility
to make all patients aware of their
genetic risks and alternatives, particu-
larly because these new genetic screening
tests are far more expensive than existing
biochemical ones.60-62 We hope that this
commentary will begin the dialogue that
is so critically needed as newer genomic
technologies with ever increasing diag-
nostic potential enter our field.

Summary recommendations
All women should be made aware of
their risks of having a fetus with a genetic
disorder and our ability to diagnose a
portion of these abnormalities during
the prenatal period. This should include
the fact that approximately 1 in 200
infants have a cytogenetic abnormality
identifiable by standard karyotype, and
another 1 in 90 will have a microdeletion
or duplication identifiable only by diag-
nostic testing with array comparative
genomic hybridization. The severity of
the phenotype is not related to the size of
the cytogenetic abnormality, and both
whole-chromosome abnormalities and
microdeletions can be associated with
phenotypes that vary extensively in their
clinical manifestations.
Patients should be aware of their

option to choose either screening, diag-
nostic testing, or no prenatal studies at
all along with the risks and benefits of
each approach described. The potential
risks of diagnostic testing should be
clearly explained using contemporary
information that demonstrates the
incremental risk of a pregnancy loss
associated with invasive testing is
approximately 1 in 500 or less.

The following outlines our approach:

1. For those who want the most thor-
ough cytogenetic evaluation
a. First-trimester ultrasound for

detection of major structural ab-
normalities, such as anencephaly,
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visualization of markers of ab-
normalities such as nuchal
translucency, and the fetal nasal
bone.

b. Chorionic villus sampling
(11e14 weeks) or amniocentesis
(15e18 weeks) with array
comparative genomic hybridiza-
tion analysis.

c. Fetal anatomical survey at about
20 weeks.

2. For those who want to minimize the
need for a diagnostic procedure and
are willing to have less fetal cytoge-
netic information
a. First-trimester ultrasound for

anomalies and detection of
nuchal translucency measure-
ment >3.5 mm.

b. Noninvasive prenatal screening
for common trisomies and sex
chromosome abnormalities.

c. Second-trimester fetal anatomical
survey.

d. Discuss diagnostic testing for
nuchal translucency >3.5 or fetal
structural anomaly.

3. For those who want an intermediate
approach:
a. First-trimester combined screen

(free b-human chorionic gonad-
otropin, pregnancy-associated
plasma protein A, and
ultrasound).

b. Noninvasive prenatal screening
if �35 years old at the time of
delivery.

c. Second-trimester fetal anatomic
survey.

d. Chorionic villus sampling
or amniocentesis with array
erican Journal of Obstetrics & Gynecology 303
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comparative genomic hybridi-
zation for high-risk combined
screen or abnormal second-
trimester anatomical scan to
identify cytogenetic abnormal-
ities other than common
trisomies. -
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