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Clinical Expert Series

Aneuploidy Screening in Pregnancy

Jodi S. Dashe, MD

Prenatal aneuploidy screening has changed dramatically in recent years with increases in the
types of chromosomal abnormalities reliably identified and in the proportion of aneuploid
fetuses detected. Initially, screening was available only for trisomies 21 and 18 and was offered
only to low-risk pregnancies. Improved detection with the quadruple- and first-trimester
multiple marker screens led to the option of aneuploidy screening for women 35 years of
age and older. Cell-free DNA tests now screen for common autosomal trisomies and sex
chromosome aneuploidies. Cell-free DNA screening is particularly effective in older women
because of higher positive predictive values and lower false-positive rates. Integrated first- and
second-trimester multiple marker tests provide specific risks for trisomies 21, 18, and possibly
13, and may detect an even wider range of aneuploidies. Given current precision in risk
assessment, based on maternal age and preferences for screening or diagnostic tests, counseling
has become more complex. This review addresses the benefits and limitations of available
aneuploidy screening methods along with counseling considerations when offering them.

(Obstet Gynecol 2016;128:181–94)

DOI: 10.1097/AOG.0000000000001385

Aneuploidy is the inheritance of one or more extra
chromosomes, typically resulting in trisomy or loss

of a chromosome, monosomy. Prenatal screening for
fetal aneuploidy has been available clinically for nearly
30 years. Over this time, there have been dramatic im-
provements in the proportion of aneuploid fetuses de-
tected and the types of chromosomal abnormalities
reliably identified. In addition, the proportion of preg-
nancies in women aged 35 years and older has increased
from approximately 5% to more than 15%,1 and aneu-
ploidy screening has gone from being a test for women
younger than 35 years to a test offered to all pregnancies.

Chromosomal abnormalities affect approximately
0.4% of births (1/250) according to population-based
registries that include live births, fetal deaths, and

pregnancy terminations.2 Trisomy 21 accounts for
more than 50% of cases, trisomy 18 for 15%, and
trisomy 13 for 5%.2 Approximately 12% are sex chro-
mosome abnormalities such as 45, X, and 47, XXX,
XXY, and XYY. The remainder, roughly 18% of
chromosomal abnormalities, are either not aneu-
ploidy per se—polyploidy, mosaicism, and structural
rearrangements—or are not currently identified
through maternal serum screening.

Fetal trisomy 21 has been the focus of aneuploidy
screening programs since their inception, because it is
the most common aneuploidy compatible with long-
term survival. Although trisomy 21 affects approxi-
mately 1 per 500 pregnancies overall, fetal losses and
pregnancy terminations result in a live birth prevalence
of 13.5 per 10,000 in the United States, 1 per 740.3,4 The
fetal death rate beyond 20 weeks of gestation is approx-
imately 5%.3 Trisomy 18 occurs in approximately 1 per
2,000 recognized pregnancies and 1 per 6,600 liveborn
neonates; trisomy 13 is identified in approximately 1
per 5,000 pregnancies and 1 per 12,000 liveborn neo-
nates.3,4 Each is less common than trisomy 21 and
rarely compatible with life beyond the neonatal period.
Population-based data suggest that the fetal prevalence
of these chromosomal abnormalities has increased, cor-
responding to an increase in the proportion of births to
women aged 35 years and older at delivery, but that the
live birth prevalence is relatively stable.3
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The rates of trisomy 21 and other autosomal
trisomies increase with maternal age, particularly after
age 35 years. Figure 1 shows the pooled prevalence of
pregnancies with trisomies 21, 18, and 13 according to
maternal age.5 Maternal age is now primarily used in
consideration of a priori risk evaluation. Age alone
does not determine whether a woman is a candidate
for prenatal screening or diagnostic testing; these are
options in all pregnancies.6,7 Importantly, patient-
centered decision-making allows us to provide each
woman information about her specific risks based
on all of her risk factors and her preferences.

For the purpose of this document, trisomy 21 is
used synonymously with Down syndrome. Trisomy 21
represents 95% of Down syndrome cases with
Robertsonian translocations accounting for 3–4% and
the remainder resulting from mosaicism or isochromo-
some 21. Similarly, trisomy 13 is used synonymously
with Patau syndrome, although Robertsonian transloca-
tions account for up to 20% of cases. Fetuses with unbal-
anced Robertsonian translocations may screen positive
for trisomy 21 or 13, a counseling consideration in that
prenatal diagnosis and subsequent parental evaluation
will enable accurate counseling about recurrence risks.

This review addresses the benefits and limitations
of currently available aneuploidy screening methods
along with counseling considerations when offering
them. It does not address use of cell-free DNA
screening for conditions other than aneuploidy such
as microdeletion syndromes. It does not address any
specific company’s product or issues of cost or reim-
bursement, other than to note that cell-free DNA
screening is currently available through a relatively
small number of commercial laboratories and is more
costly than other aneuploidy screening tests, both of
which have been identified as barriers to accessibility.8

ANEUPLOIDY SCREENING TEST
CHARACTERISTICS

Screening tests may be evaluated and compared using
four characteristics: sensitivity, specificity, positive
predictive value, and negative predictive value. These
are validity characteristics, because they apply to how
well a screening test differentiates affected from
unaffected individuals. They are calculated using the
equations shown in Figure 2.

The sensitivity is the detection rate or the pro-
portion of women carrying an aneuploid fetus who
have a positive screening result. The sensitivity of
analyte-based screening tests has increased signifi-
cantly over time, from just 25% with maternal serum
alpha-fetoprotein (AFP) to 95% with the integrated
test (Table 1). The specificity, which is the proportion
of women carrying an unaffected fetus who have
a negative screening result, has been held at approx-
imately 95% by laboratories performing the test. As
such, only approximately 5% of women screen posi-
tive for trisomy 21. Although marginal improvement
in sensitivity has been gained with cell-free DNA test-
ing compared with the integrated test, a major advan-
tage has been a lower false-positive rate (higher
specificity) leading to a decrease in the number of
invasive diagnostic procedures.

If presenting different options before aneuploidy
screening, it can be helpful to include the sensitivity
and false-positive rate for each test offered—as a way to
compare how well each test works. What can be con-
fusing about analyte-based screening tests is that their
sensitivity and false-positive rate are higher in older
women.9 For example, in the First- and Second-
Trimester Evaluation of Risk trial,10 the sensitivity of
first-trimester screening for trisomy 21 was 95% in
women 35 years or older, at a false-positive rate of

Fig. 1. Prevalence of trisomies 21,
18, and 13 per 10,000 live births ac-
cording to maternal age at delivery.
Data from Mai CT, Kucik JE, Isenburg
J, Feldkamp ML, Marengo LK,
Bugenske EM, et al. Selected birth
defects data from population-based
birth defects surveillance programs in
the United States, 2006 to 2010:
featuring trisomy conditions. Birth
Defects Res A Clin Mol Teratol
2013;97:709–25.
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22%, compared with a sensitivity of 75% in women
younger than 35 years of age at a false-positive rate of
only 5%. When counseling older women about their
aneuploidy screening and testing options, the high
rate of false-positive screens with analyte-based tests
can be an important consideration.

The positive predictive value (PPV) is the likeli-
hood that a patient with a positive screening result has
an affected fetus. In simplest terms, PPV is the
screening test result, expressed as 1:X or as a percent-
age. One can also evaluate PPV in a cohort of
pregnancies when comparing different screening tests,
reflecting the number of women with positive screen-
ing results who actually have affected fetuses. For

analyte tests, this ranges from approximately 3% with
the quadruple marker screen to 5% with integrated
screening (Table 1). The PPV of cell-free DNA screen-
ing may be far higher than with analyte-based tests.
Importantly, however, the PPV is directly related to
prevalence, and it varies with maternal age (Table 2).

The negative predictive value is the proportion of
those with a negative screening test who do not have
the disease. Although it varies according to preva-
lence, the negative predictive value of either analyte-
based or cell-free DNA screening tests generally
exceeds 99% regardless of maternal age.11,12 Thus,
although a negative result cannot guarantee an unaf-
fected fetus, it is quite reassuring in most cases. For
women with a high pretest probability of aneuploidy
or who feel anxious despite a low pretest probability,
this characteristic may be particularly important.

Other factors affect reliability, which is a test’s
reproducibility or consistency. Analyte-based aneu-
ploidy screening tests are less reliable in multiple ges-
tations, because serum analyte concentrations from
two or more fetuses (and placentas) are measured in
the mother.13 Cell-free DNA screening also may be
less reliable in multiple gestations, because the sample
includes DNA from both placentas and is not cur-
rently recommended.6,14 In obese women, cell-free
DNA screening is less likely to yield a result as a result
of low fetal fraction,15 warranting either repeat screen-
ing or a diagnostic test. Thus, it may be considered
less reliable in the setting of obesity.

HISTORICAL OVERVIEW

In 1979, a National Institutes of Health Consensus
Development Conference recommended that all

Table 1. Characteristics of Screening Tests for Trisomy 21 in Singletons3,4,10–12,20,28,34,42

Screening Test Sensitivity
False-Positive

Rate
Positive Predictive

Value*

AFP 25 5 1
Triple screening AFP, hCG, estriol 69 5 2
Quadruple marker screening AFP, hCG, estriol, inhibin 80–82 5 3
1st-trimester screening nuchal translucency, hCG, PAPP-A 80–84 5 3–4
Integrated screening 94–96 5 5
Serum integrated screening 85–88 4.9 5
Sequential screening

Stepwise 92 5.1 5
Contingent 91 4.5 5

Cell-free DNA screening†

Positive result only 99 0.1 See Table 3

AFP, alpha-fetoprotein; hCG, human chorionic gonadotropin; PAPP-A, pregnancy-associated plasma protein A.
Data are % unless otherwise specified.
* The positive predictive value represents the overall population studied and cannot be applied to any individual patient.
† If low fetal fraction or “no-call” result, the positive predictive value is as high as 4% for any aneuploidy, and the overall screen positive rate

is approximately 5%.

Fig. 2. Characteristics of aneuploidy screening tests.
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pregnant woman aged 35 years or older be advised
about the possibility of undergoing amniocentesis for
fetal karyotype.16 Thereafter, a maternal age of 35
years became the threshold used to define advanced
maternal age or “AMA” based on the increased risk
for selected fetal chromosomal abnormalities with
increasing maternal age and on the assumption (at that
time) that the loss rate attributable to the procedure
was roughly equivalent to the risk for Down syn-
drome in a 35-year-old woman. Amniocentesis was
also offered in the setting of other risk factors such
as a prior affected neonate. In the absence of a risk
factor, however, prenatal diagnosis was not offered.

The beginning of serum screening came in 1977
after a collaborative trial established the association
between elevation of maternal serum AFP and fetal
open neural tube defects.17 Then in 1984, Merkatz
et al18 reported that pregnancies with trisomies 21
and 18 were characterized by lower maternal serum
AFP levels at 15–21 weeks of gestation. This observa-
tion ushered in widespread screening for fetal aneu-
ploidies as a component of prenatal care. Maternal age
was incorporated into the calculation so that a specific
risk could be assigned.19,20 Serum AFP was able to
detect about 25% of Down syndrome cases in women
aged younger than 35 years (Table 1). Importantly, this
detection rate was predicated on setting the cutoff for
a positive screen at 1:270, which is the approximate
second-trimester risk for Down syndrome at age 35
years, and doing so identified approximately 5% of
pregnancies as screen-positive.19,20 This trisomy 21 risk

cutoff and the 5% false-positive rate became accepted
standards that are still used in some laboratories today.
Of women who underwent amniocentesis for low AFP,
1 in 90 had a fetus with Down syndrome and 1 in 65
had a fetus with any aneuploidy (Table 1).

Subsequently, human chorionic gonadotropin
(hCG) was found to be elevated in pregnancies with
trisomy 21, and unconjugated estriol was found to be
decreased.21,22 The combination of these two analytes
with AFP formed the triple test or triple screen, a huge
innovation at the time. The sensitivity to detect tri-
somy 21 reached approximately 60%, although the
overall PPV was still approximately 2% (Table 1).23

In addition, if all three analytes were decreased, detec-
tion of trisomy 18 also reached 60%.24 From the per-
spective of test characteristics, the triple test worked
even better for trisomy 18 than for trisomy 21,
because the false-positive rate was less than 1% and
the PPV was just more than 10%.24 Investigators rea-
soned that although the prevalence of trisomy 18 was
lower than any condition for which screening had pre-
viously been offered, it might be justified because the
analytes were already being measured and the test
worked well.

For approximately the first decade that serum
aneuploidy screening was available, it was intended
only for low-risk pregnancies. Serum screening simply
did not have high enough sensitivity, and a 35-year-
old woman had an a priori risk equivalent to a positive
screening result. As recently as 1996, the position of
the American College of Obstetricians and Gynecol-
ogists was that multiple marker testing could not be
recommended for routine Down syndrome screening
in women older than age 35 years as an equivalent
alternative to prenatal diagnosis but that it could be an
option for those who declined diagnostic testing or
wanted additional information first.25

TRADITIONAL SCREENING FOR ANEUPLOIDY

In an interesting turn of events, aneuploidy screening
tests that were widely implemented in the United
States only over the past decade (after publication of the
Biochemistry, Ultrasound, Nuchal translucency trial,26

the First- and Second-Trimester Evaluation of Risk
trial,10 and a workshop by the National Institute of
Child Health and Human Development)27 have been
termed “traditional” or “conventional” as a way to dif-
ferentiate them from cell-free DNA-based screening
tests.6,14 There are three categories: first-trimester
screening, second-trimester screening, and combina-
tions of first- and second-trimester screening—integrated
and sequential screens. Also called multiple marker
screening tests, each involves a combination of more

Table 2. Positive Predictive Value of Cell-Free DNA
Screening for Autosomal Trisomies
According to Maternal Age

Maternal
Age (y)

Trisomy
21

Trisomy
18

Trisomy
13

20 48 14 6
25 51 15 7
30 61 21 10
35 79 39 21
40 93 69 50
45 98 90 NA

NA, not available.
Data are % unless otherwise specified.
Positive predictive values were obtained using the NIPT/Cell Free

DNA Screening Predictive Value Calculator from the Perinatal
Quality Foundation. Available at: http://perinatalquality.org/.
Retrieved April 1, 2016. The calculations are based on preva-
lence at 16 weeks of gestation using sensitivities and specific-
ities obtained from Gil MM, Quezada MS, Revello R, Akolekar
R, Nicolaides KH. Analysis of cell-free DNA in maternal blood
in screening for fetal aneuploidies: updated meta-analysis.
Ultrasound Obstet Gynecol 2015;45:249–66.
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than one serum analyte, and first-trimester screening
includes the ultrasonographic nuchal translucency. Indi-
vidual analytes are converted to multiples of the median
adjusting for maternal age, maternal weight, and gesta-
tional age. For tests with a second-trimester component,
the AFP analyte is further adjusted for race and diabetes
as part of the neural tube defect risk calculation. Each
test is based on a composite likelihood ratio and
has a predetermined value at which it is deemed posi-
tive or abnormal. Health care providers need to be
familiar with laboratory thresholds for the tests that
they offer. For trisomy 21, this is often presented as
a second-trimester risk of 1:270 or a full-term preg-
nancy risk of approximately 1:365. For trisomy 18,
a second-trimester screening risk of 1:150 is generally
considered positive, and for first-trimester screening,
some laboratories report a combined risk for trisomy
18 or 13 rather than trisomy 18 alone, with a similar
cutoff of 1:150.

Depending on the setting, whether the screen is
positive may affect whether a patient is considered
“high risk” and receives formal counseling. However,
the selected threshold for a positive screen reflects the
laboratory requirement for a cutoff, and it may bear
no relation to the patient’s preferences. As clinicians
have moved away from using the term “advanced
maternal age,” focusing instead on individual risk,
we have also moved away from making medical de-
cisions based on whether a prenatal diagnostic screen-
ing test is deemed positive or negative. The physician
or counselor’s emphasis is on providing information
and explaining the results, not dictating a course of
action. Each patient should have the option of a pre-
natal diagnostic test. For some, a risk of 1:1,000 is high
enough to warrant amniocentesis, whereas, for others,
a risk of 1:100—equivalent to 99% likelihood that the
fetus is unaffected—is reassuring.

First-Trimester Screening

In the early 1990s, work by Nicolaides et al demon-
strated that late first-trimester ultrasonographic detec-
tion of a simple translucent fluid collection behind the
fetal neck—the nuchal translucency—was strongly asso-
ciated with fetal aneuploidy.28,29 Aneuploidy detection
was so successful that nuchal translucency measure-
ment became a specific indication for first-trimester
ultrasonography when part of a screening program
for fetal aneuploidy.30,31

First-trimester screening, also called combined
first-trimester screening, combines nuchal translu-
cency with maternal serum hCG and pregnancy-
associated plasma protein A. The pattern of increase
or decrease in analyte levels affects risk for trisomies

21 and 18 and 13 (Table 3). Depending on the labo-
ratory, the hCG test is either an assay for intact hCG
or free b-hCG, and in clinical practice, the two are
considered comparable.29 The nuchal translucency is
the measured maximal thickness of the subcutaneous
translucent area between the skin and soft tissue over-
lying the fetal spine at the back of the neck in the
sagittal plane (Fig. 3). It is valid between approxi-
mately 11 and 14 weeks of gestation, when the
crown–rump length measurement is between 38–45
and 84 mm (lower limit may vary depending on lab-
oratory). The nuchal translucency increases with fetal
crown–rump length and is adjusted for this measure-
ment as part of the multiple of the median calculation.
As an isolated marker, nuchal translucency detects
approximately two thirds of fetuses with trisomy 21
at a false-positive rate of 5%.10 Nuchal translucency
must be precisely imaged and measured in a reproduc-
ible way for aneuploidy detection to be accurate. This
has led to standardized training, certification, and ongo-
ing quality review programs. In the United States,
training, credentialing, and monitoring are available
through the Nuchal Translucency Quality Review
program of the Perinatal Quality Foundation and
through the Fetal Medicine Foundation.

Before first-trimester screening became widely
adopted, four large prospective trials were conducted,
together including more than 100,000 pregnancies.
When the false-positive rate was set at 5%, overall
trisomy 21 detection was 84% (95% confidence
interval 80–87%), considered clinically comparable
with the quadruple marker screen (Table 1).27 Detec-
tion is slightly lower—approximately 80–82%—when
cases of cystic hygroma are analyzed separately.10

Table 3. Multiple Marker Screening Abnormalities
Associated With Fetal Autosomal
Trisomies

Trisomy 21 Trisomy 18*

1st trimester
NT [ [
hCG [ Y
PAPP-A Y Y

2nd trimester
AFP Y Y
hCG [ Y
Estriol Y Y
Inhibin [ NA

NT, nuchal translucency; hCG, human chorionic gonadotropin;
PAPP-A, pregnancy-associated plasma protein A; AFP, alpha-
fetoprotein; NA, not applicable.

[Increased; Ydecreased.
* In the first trimester, a risk for trisomy 18 or 13 may be provided.
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Cystic hygroma is a venolymphatic malformation,
and in the first trimester, it has been defined as a sep-
tated hypoechoic space behind the neck that extends
along the length of the back.32 It is helpful to differ-
entiate cystic hygroma from increased nuchal trans-
lucency when possible, because first-trimester cystic
hygroma confers a fivefold increased aneuploidy risk
along with increased risk for cardiac anomalies.32

The optimal gestational age to perform first-
trimester screening is 11 weeks. Trisomy 21 detection
is approximately 5% higher at 11 weeks of gestation
than at 13 weeks, and at fixed sensitivity, the false-
positive rate is lower at 11 weeks of gestation than
later in gestation.10,33 In a recent multicenter trial, first-
trimester screening detected approximately 80% of fe-
tuses with trisomy 21, 80% of those with trisomy 18,
and 50% with trisomy 13.11 Similarly, in a review of
more than 450,000 pregnancies from the California Pre-
natal Screening Program, 76% of Down syndrome cases
were identified through first-trimester screening.34

In addition to the common autosomal trisomies,
increased nuchal translucency is associated with other
aneuploidies, genetic syndromes, and various birth
defects, especially fetal cardiac anomalies.35 If the
nuchal translucency measurement reaches 3.0 mm,36,37

targeted ultrasonography, with or without fetal echocar-
diography, is also offered at 18–22 weeks of gestation.
Nuchal translucency is sometimes used as an isolated
marker in screening multiple gestations, in which serum

screening is not as accurate or may not be available. In
twin pregnancies, serum free b-hCG and pregnancy-
associated plasma protein A levels are approximately
twice as high as in singleton pregnancies.38 Even with
twin-specific reference ranges, a normal dichorionic co-
twin tends to normalize the screening results such that
aneuploidy detection is at least 15% lower.13

If first-trimester screening is elected, second-
trimester neural tube defect screening should be
performed separately, either with maternal serum
AFP assessment or with ultrasonography.37

Second-Trimester Screening

The addition of dimeric inhibin-a to the triple screen
forms the quadruple marker or quad screen, which is
the only second-trimester multiple marker screening
test widely used in the United States. It is performed
from approximately 15 to 21 weeks of gestation with
the gestational age varying depending on the labora-
tory. The pattern of increase or decrease in analyte
levels affects risk for trisomies 21 and 18 (Table 3).
When initially reported, the quad screen detection
rate for fetal trisomy 21 was approximately 70%,39

but by the early 2000s, the detection rate was found
to be 81–83% at a 5% screen-positive rate in two large
prospective trials—the Serum, Urine and Ultrasound
Screening Study33 and the First- and Second-
Trimester Evaluation of Risk10 trial. The improved
detection is presumed attributable, at least in part, to
accurate gestational age assessment with first-trimester
ultrasonography. The Serum, Urine and Ultrasound
Screening Study demonstrated that for a fixed detec-
tion rate, the false-positive rate for all screening tests
was reduced when gestational age was assessed
ultrasonographically.33

From the standpoint of aneuploidy detection,
quadruple marker screening offers no benefit over
first-trimester screening. It is generally used only if
first-trimester screening is unavailable or if the preg-
nant woman presents for care too late in gestation to
receive first-trimester screening. As of 2011, women
who initiated prenatal care beyond 14 weeks of
gestation accounted for nearly 25% of pregnancies
in the United States.40

First- and Second-Trimester Screening

If first-trimester serum and nuchal translucency
screening is combined with a second-trimester qua-
druple marker test, aneuploidy detection will be
significantly higher. Each serum screening test re-
quires coordination between the health care provider
and laboratory to ensure that the second sample is
obtained during the appropriate gestational age

Fig. 3. Measurement of the fetal nuchal translucency is
shown in this image. This fetus at 12 weeks of gestation is in
the sagittal plane with the neck in a neutral position, and
the image is magnified so that it is filled with the fetal head,
neck, and upper thorax. The calipers are placed on the
inner borders of the widest aspect of the nuchal space,
perpendicular to the long axis of the fetus, with none of the
horizontal crossbar protruding into the space.
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window, sent to the same laboratory, and linked to the
first-trimester results. First- and second-trimester
screening should not be performed as independent
tests, because the false-positive rate would be unac-
ceptably high and because, if the results of the tests are
disparate, counseling is problematic.

Integrated screening includes the ultrasono-
graphic nuchal translucency and the serum analytes
hCG and pregnancy-associated plasma protein A at
approximately 11–14 weeks of gestation followed by
the quadruple marker test of AFP, hCG, unconju-
gated estriol, and dimeric inhibin at approximately
15–21 weeks of gestation. These seven parameters
are integrated to calculate a single risk, and the sen-
sitivity is the highest of any traditional screening
test (Table 1). In a population-based review of more
than 450,000 pregnancies from the California Prena-
tal Screening Program, integrated screening also
achieved 94% detection of trisomy 21 and 93% detec-
tion of trisomy 18.34 Although screening yielded spe-
cific risks for only these two aneuploidies, the result
was abnormal in 93% of cases with trisomy 13, in
91% with triploidy, and in 80% with 45, X. This
serves as an interesting comparison with cell-free
DNA screening (Fig. 4). If the nuchal translucency
measurement is not available, the six first- and
second-trimester serum markers may be assessed—
called serum integrating screening—which may yield

trisomy 21 detection of 85–88% at a 5% false-positive
rate in well-dated pregnancies.10

Sequential screening involves performing first-
trimester screening with nuchal translucency and
serum analytes and then informing the patient of the
results with the understanding that, if the risk exceeds
a prespecified cutoff, she will be counseled and
offered diagnostic testing. There are two types of
sequential screening. With stepwise sequential screen-
ing, after women at highest risk are informed of their
results in the first trimester, the remainder receive
quadruple marker screening in the second trimester,
after which some additional women receive positive
results. When applied to data from the First- and
Second-Trimester Evaluation of Risk trial, stepwise
sequential screening using a first-trimester risk cutoff
of 1:30 and an overall cutoff of 1:270 yielded 92%
trisomy 21 detection at approximately a 5% false-
positive rate.41

With contingent sequential screening, after
women at highest risk are informed of their results,
remaining women are divided into two cohorts. Those
at lowest risk for trisomy 21, for example less than
1:1,500, are reassured and receive no further screen-
ing, whereas those at intermediate risk proceed to
quadruple marker screening. Using data from the
First- and Second-Trimester Evaluation of Risk trial,
trisomy 21 detection was 91% with contingent

Fig. 4. Sensitivity of integrated and
cell-free DNA screening for selected
clinically significant fetal chromo-
somal abnormalities. Data from
Baer RJ, Flessel MC, Jellife-Paw-
lowski LL, Goldman S, Hudgins L,
Hull AD, et al. Detection rates for
aneuploidy by first-trimester and
sequential screening. Obstet Gyne-
col 2015;126:753–9 and Gil MM,
Quezada MS, Revello R, Akolekar R,
Nicolaides KH. Analysis of cell-free
DNA in maternal blood in screening
for fetal aneuploidies: updated meta-
analysis. Ultrasound Obstet Gynecol
2015;45:249–66. Cell-free DNA
screening results are reported as
positive for the aneuploidies listed,
and integrated screening results
are reported as positive for trisomy
21 or trisomy 18, highlighting the
importance of prenatal diagnostic
testing whenever a screening result
is abnormal.

Dashe. Aneuploidy Screening. Obstet
Gynecol 2016.
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screening at approximately a 5% false-positive rate.41

An additional benefit of this strategy is that because so
many women have risks below 1:1,500, more than
75% of a screened population would be reassured
after the first-trimester test and would not require
additional screening.

CELL-FREE DNA SCREENING

Introduced in 2011, cell-free DNA technology has
dramatically changed how health care providers—and
patients—think about fetal aneuploidy screening. The
screening performance of cell-free DNA is excellent,
particularly for fetal trisomy 21 and 18, but also
for trisomy 13 and sex chromosome aneuploidies.
Some laboratories also report fetal gender. Cell-
free DNA screening identifies circulating DNA frag-
ments that are primarily placental in origin, from
apoptotic trophoblasts, and thus, the term cell-free
fetal DNA is somewhat of a misnomer. Three differ-
ent methods of assaying cell-free DNA are currently
in use for aneuploidy screening: whole-genome
sequencing, also termed massively parallel or shot-
gun sequencing; chromosome selective (or targeted)
sequencing; and single nucleotide polymorphism
analysis. Screening can be performed at any point
in pregnancy after 9–10 weeks of gestation, and
results are usually available within 7–10 days.6 If
cell-free DNA screening is elected, second-trimester
neural tube defect screening should be performed sep-
arately, either with maternal serum AFP assessment or
with ultrasonography.

Cell-free DNA screening has a higher sensitivity
and lower false-positive rate than traditional screening
modalities (Tables 1 and 2). A recent meta-analysis of
37 studies of cell-free DNA screening in predomi-
nantly high-risk pregnancies demonstrated impressive
consistency of test characteristics across platforms and
populations.12 The pooled sensitivity to detect trisomy
21 was 99.2% (95% confidence interval 98.5–99.6%),
and the specificity was 99.9%, such that the false-
positive rate was only 0.1% (Table 1). For detection
of trisomies 18 and 13, the sensitivities were approx-
imately 96% and 91%, respectively, each with speci-
ficity of 99.9%. For detection of monosomy X (Turner
syndrome), the sensitivity of cell-free DNA was
approximately 90% with a specificity of 99.8%.12

Because screening is generally performed for each of
these chromosomal abnormalities, the false-positive
rate is cumulative, yet it is only 0.5–1%, even in pre-
dominantly high-risk pregnancies.12

Relatively few series have reported cell-free DNA
screening results from pregnancies in women aged
younger than 35 years. It is difficult to study pregnancies

at low risk for fetal aneuploidy, because rates of most
autosomal trisomies are so rare that even large studies
contain few affected fetuses. However, it does appear
that the high sensitivity and specificity of cell-free DNA
screening are preserved with sensitivity to detect tri-
somy 21 at least 99% and specificity approximately
99.9%.11,42,43

The PPV of cell-free DNA is higher than with
traditional screening, but it is highly dependent on
maternal age at delivery (Table 2). In younger
women, a positive screening test result is more likely
to be falsely positive regardless of the aneuploidy. For
a woman in her early 20s, the PPV may be approxi-
mately 50% for fetal trisomy 21, 15% for trisomy 18,
and less than 10% for trisomy 13 (Table 3). These
percentages are substantially higher in older women,
and the difference is clinically relevant. The PPV of
a positive screening result may be estimated from
websites such as the one provided by the Perinatal
Quality Foundation (available at: perinatalquality.
org; retrieved April 1, 2016) or the University of
North Carolina (available at: mombaby.org/nips_cal-
culator.html; retrieved April 1, 2016). This informa-
tion should be provided as the screening test result.

Cell-free DNA screening tests were initially called
noninvasive prenatal tests. However, all aneuploidy
screening tests are noninvasive and prenatal. The
logical comparison group for a test that is labeled
noninvasive would be an invasive test, and it must be
emphasized that cell-free DNA screening is not com-
parable with an invasive diagnostic test. The placenta
and fetus do not always have the same chromosomal
complement. False-positive results may occur when
there is confined placental mosaicism or early demise
of an aneuploid cotwin, and, if a twin pregnancy is
identified, cell-free DNA screening is not currently
recommended.6,14,44,45 In addition, because cell-free
DNA screening analyzes placental and maternal
DNA, there have been cases of maternal mosaicism
and, rarely, occult maternal malignancy identified after
false-positive results on a cell-free DNA screening
test.46,47 These rare cases of maternal malignancy did
not have typical positive screening results, but gener-
ally had more than one aneuploidy identified and, on
further analysis, demonstrated nonspecific copy num-
ber gains and losses across multiple chromosomes.46

A major difference between cell-free DNA
screening and traditional screening is that some
laboratories report screening results as positive, neg-
ative, or a category variously termed “no call,” inde-
terminate, or uninterpretable. This last category
comprises approximately 4–8% of screened pregnan-
cies and may occur secondary to assay failure, high
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assay variance, or to low fetal fraction.43,48,49 The fetal
fraction is the proportion of total cell-free DNA that is
placental in origin (the remainder being maternal),
and it is usually approximately 10%. Low fetal frac-
tion, defined as below 4%, confers significantly higher
risk for fetal aneuploidy.11,15,43,48,50,51 Women with no-
call results or low fetal faction have fetal aneuploidy
rates of approximately 4%, which is approximately as
high as the average PPV for trisomy 21 conferred by
a positive first-trimester screening test (Table 1).11,12,49

Fetal fraction is not related to maternal age or to find-
ings on traditional screening tests, but it is lower ear-
lier in gestation, and it decreases with increasing
maternal weight.11,51,52 One study estimated that
among women weighing 250 pounds or more, up to
10% had a low fetal fraction.15 Counseling before
screening should include the possibility of results in
this category.

If a cell-free DNA screening test returns with low
fetal fraction or a “no-call” result, genetic counseling is
indicated, and amniocentesis should be offered. Tar-
geted ultrasonography is also recommended,6 but it is
not a substitute for amniocentesis, because it is not
clear what the residual aneuploidy risk would be after
a normal ultrasonogram. Although the patient may
elect repeat screening, the risk for screen failure is
high—exceeding 40% in two recent series.49,51 If
women who do not receive results from cell-free
DNA screening are considered screen-positive, with
the understanding that this result is not normal and
that follow-up is indicated, the overall screen positive
rate would be approximately 5%, comparable to that
of a first-trimester screening test.

Cell-free DNA screening may be used either as
a primary screening test or as a secondary screening
test (Table 4). Because of its high sensitivity and low
false-positive rate, cell-free DNA screening may be
offered to women who receive a positive result on
a traditional screening test and would prefer a second-
ary screening test before considering or proceeding
with a diagnostic test. Compared with amniocentesis,
use of cell-free DNA screening as a secondary screen-
ing modality may result in an approximate 20%
reduction in aneuploidy diagnoses, taking into
account undetectable aneuploidies and false-negative
diagnoses.53,54 Put another way, if an abnormal tradi-
tional screening result is followed by a normal (nega-
tive) cell-free DNA screen, the risk for a chromosomal
abnormality is approximately 2%.53 In addition, the
time required for cell-free DNA screening (7–10 days)
may delay aneuploidy diagnosis to the point that
pregnancy termination may no longer be an option
for those who elect it. Traditional screening is not

recommended after cell-free DNA screening, and
concurrent or parallel testing is also not recommen-
ded.6,37 The Society for Maternal-Fetal Medicine has
stated that after cell-free DNA screening, the addi-
tional clinical utility of nuchal translucency to detect
other chromosomal or structural abnormalities is
unknown but appears to be limited.14

For women who have the option of either
traditional aneuploidy screening or cell-free DNA
screening, there is an additional consideration. Cell-
free DNA screening detects specific chromosomal
abnormalities, currently trisomy 21, 18, and 13; 45, X;
and 47 XXX, XXY, and XYY. In one study, these
were estimated to comprise approximately 72% of the
chromosomal abnormalities that could be identified
with a standard karyotype.53 As shown in Figure 3,
traditional aneuploidy screening tests are occasionally
abnormal in the setting of other chromosomal abnor-
malities, and integrated or sequential screening tests
are estimated to detect 82% of the chromosomal
abnormalities that can be identified with a standard
karyotype.14,34,53 Because the rate of autosomal triso-
mies increases with maternal age (Fig. 1), autosomal
trisomies account for the majority of chromosomal
abnormalities in older women. However, the relative
proportion of other chromosomal abnormalities is
higher in younger women, who may elect sequential
or integrated screening for this reason.

Because of the aforementioned limitations as well
as limited data about cost-effectiveness in low-risk
pregnancies, traditional screening tests are currently
considered the most appropriate choice for first-line
screening for low-risk pregnancies.6 Categories of
pregnancies at increased aneuploidy risk, for whom
cell-free DNA screening is recommended as a screen-
ing option, include women who will be 35 years or
older at delivery, those at increased aneuploidy risk
based on a traditional first- or second-trimester screen,
an ultrasonographic finding (minor marker) that con-
fers increased aneuploidy risk, prior pregnancy with
autosomal trisomy, or known carriage (in the patient
or her partner) of a balanced Robertsonian transloca-
tion involving chromosomes 21 or 13.6,14 Pregnancies
at increased aneuploidy risk may benefit from addi-
tional pretest counseling, which should include
(among other topics) the potential limitations
of screening as compared with diagnostic testing.
Prenatal diagnosis is recommended whenever an
aneuploidy screening test is abnormal. Management
decisions such as pregnancy termination should not
be based on results of any screening test. A summary
of differences between traditional and cell-free aneu-
ploidy screening tests is listed in Table 4.
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ROLE OF ULTRASONOGRAPHY

Ultrasonographic findings can affect screening in four
ways: 1) by providing accurate gestational age assess-
ment, 2) by detecting a multiple gestation, 3) by
identifying major structural fetal abnormalities, and 4)
by identifying minor aneuploidy markers. Each tra-
ditional aneuploidy screening test is valid only within
a specific gestational age window, typically 11–14
weeks for first-trimester screening and approximately
15–21 weeks for second-trimester screening. Each
component of a traditional screening test must be
adjusted for gestational age when calculating multiples
of the median, and false-positive rates are reduced
when gestational age is assessed ultrasonographi-
cally.33 From the standpoint of cell-free DNA screen-
ing, a baseline ultrasound examination should be
considered to confirm a singleton gestation, to
exclude anembryonic gestation or demise, and to
assess gestational age, which should be at least 9–10
weeks of gestation when performing the test.6

With rare exception, identification of a major fetal
anomaly confers increased risk for a genetic abnormal-
ity to a degree that prenatal diagnosis should be offered

(or recommended)—generally with chromosomal mi-
croarray analysis as the first-line test. Targeted ultraso-
nography is also indicated. Anomalies such as cystic
hygromas and endocardial cushion defects confer par-
ticularly high risk, but it is not uncommon for fetuses
with genetic abnormalities to have nonspecific struc-
tural malformations. A genetic syndrome is likely to
affect a neonate’s prognosis and care, may affect deci-
sions regarding management of a pregnancy, and may
affect recurrence risk in future pregnancies. Aneu-
ploidy screening is not recommended, either tradi-
tional or cell-free DNA-based, if a major anomaly has
been identified. The fetal risk cannot be normalized
with a normal screening test result, not merely because
screening tests have false-negatives, but because major
anomalies confer risk for genetic syndromes not cov-
ered by screening tests.

There is also a role for targeted ultrasonography
after a positive aneuploidy screening test.6 Ultraso-
nography is not an alternative to a diagnostic test,
but the aneuploidy risk is further increased if an
anomaly is identified. One study from the 1990s
found that 25–30% of second-trimester fetuses with

Table 4. Comparison of Traditional and Cell-Free Screening Tests

Traditional Aneuploidy Screening Cell-Free DNA Screening

Recommended for primary screening Primary or secondary screening modality
The College and SMFM recommend as first-line screening

for low-risk pregnancies
As primary screening, may be more appropriate for high-

risk pregnancies
Should not be performed concurrently with, or after, cell-free

DNA screening
May be offered as a secondary screening test if traditional

screening is abnormal

Detection rate 80% for trisomy 21 and trisomy 18 with either first-
or second-trimester screening

Detection rate 99% for trisomy 21, 96% for trisomy 18, and
approximately 90% for trisomy 13 and monosomy X

Detection rate about 94% for trisomy 21 and 93% for trisomy 18
with integrated screening

Screen positive results may include other chromosomal
abnormalities not detected with cell-free DNA

If used as a secondary screening test, overall reduction in
aneuploidy diagnoses compared with amniocentesis

False-positive rate approximately 5%
Approximately 95% have a negative screen result

False-positive rate approximately 0.1% for trisomy 21,
approximately 0.5–1% for currently screened aneuploidies

An additional 4–8% of tests have a “no-call” result or low fetal
fraction

Approximately 95% have a negative screen result

Accurate gestational age assessment is essential for calculating the
screening result, and screening must be performed within
a specific gestational age range

Gestational age is not used to calculate results
Screening may be performed at any point beyond 9–10 wk of
gestation

Ultrasound minor markers (soft signs) are often used to modify the
aneuploidy risk

Ultrasound minor markers (soft signs) are not used to modify
the aneuploidy risk

Prenatal diagnosis should be offered if a major anomaly is
identified

Prenatal diagnosis should be offered if a major anomaly is
identified

The College, American College of Obstetricians and Gynecologists; SMFM, Society for Maternal-Fetal Medicine.
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trisomy 21 have a major anomaly that can be detected
ultrasonographically in the second trimester.55 It is
estimated that ultrasonography can detect 50-60% of
second-trimester fetuses with trisomy 21 when major
anomalies and minor aneuploidy markers are consid-
ered.37 This differs from trisomy 18 and 13, in which
the vast majority of affected fetuses have major mal-
formations that are often visible ultrasonographically.
Targeted ultrasonography is also offered for the pur-
pose of identifying minor aneuploidy markers (soft
signs) that may modify the fetal aneuploidy risk.

The most commonly used second-trimester minor
markers are increased nuchal skinfold thickness, absent
or hypoplastic nasal bone, echogenic intracardiac
focus, echogenic bowel, pyelectasis, and shortened
femur or humerus length.31 Minor markers are present
in at least 10% of unaffected pregnancies. When
a minor marker has been identified, a likelihood ratio
for that marker can be applied to increase the trisomy
21 risk, and alternately, the absence of a minor marker
has been used to decrease the risk.56 This should be
done in a systematic way following a protocol that
specifies individual markers included in the model,
a definition for each one, and the positive and negative
likelihood ratios.31

First-trimester ultrasonographic markers have
also been reported to increase the likelihood of
trisomy 21, but other than nuchal translucency, most
are not used routinely in the United States. The
Perinatal Quality Foundation’s Nuchal Translucency
Quality Review Program offers an educational pro-
gram in first-trimester nasal bone assessment. The
Fetal Medicine Foundation also provides online
instruction and certification in first-trimester assess-
ment of the nasal bone, ductus venosus flow, and tri-
cuspid flow.

The paradigm is different if cell-free DNA screen-
ing has already been performed, in that the associated
between isolated minor markers and aneuploidy risk
is no longer considered relevant.31 If the cell-free
DNA screening result is negative, the fetal aneuploidy
risk is not modified by the marker. If a cell-free DNA
screening result is positive, the absence of minor
markers is not considered reassuring.

COUNSELING CONSIDERATIONS

Counseling for aneuploidy screening has become
a conversation. Although health care providers often
focus on the pros and cons of one screening test over
another, screening is not the “default” choice for many
women. At least 20% of women elect not to receive
any aneuploidy screening, even when financial bar-
riers are removed.57 Certainly, wanting to know

whether the fetus is at increased risk for aneuploidy
is a prerequisite for screening. A woman may decide
that she does not want the uncertainty and worry from
knowledge that she may be at increased risk—she may
prefer to have a diagnostic test. Alternately, a woman
may decline risk assessment because she would not
consider accepting the risks associated with a diagnos-
tic test, or because she feels that the results would not
affect her decision-making and does not want the
information. Screening may be chosen with the expec-
tation of reassurance, considering that at least 95%
receive negative or normal results. Many women with
abnormal screening results do not proceed with diag-
nostic testing. In a recent series of more than 28,000
pregnancies screened with cell-free DNA, fewer than
40% of women with positive screens elected invasive
prenatal diagnosis.51

Topics to discuss before screening are listed in
Box 1. The list is not comprehensive and does not
replace counseling performed by a genetic counselor,
geneticist, or other trained genetics professional when
indicated. Some of this information may be provided
in written format, and resources are available through
organizations such as the American College of Obste-
tricians and Gynecologists, the American College of
Medical Genetics and Genomics, Perinatal Quality
Foundation, and the National Society of Genetic
Counselors.

Inevitably, when a woman elects aneuploidy
screening, the question becomes whether to offer (or
recommend) a traditional screening test or a cell-free
DNA test. One type of test is not simply “better” than
others, because no test is superior for all test character-
istics.37 Age is an important component of the discus-
sion. For women who will be 35 years or older at
delivery, cell-free DNA screening has several benefits:
1) the false-positive rate is very low, below 1% for all
screened aneuploidies combined; 2) the PPV is con-
siderably higher than with traditional tests because of
increased fetal trisomy prevalence among older
women; and 3) isolated ultrasound minor markers
are generally no longer a concern.

For women younger than 35 years, autosomal
trisomies are less prevalent and comprise a smaller
overall proportion of chromosomal abnormalities. If
the goal is to select a screening test that will identify
the highest proportion of fetuses with any chromo-
somal abnormality, this may be comparable or even
slightly higher with integrated or sequential screening
than with current cell-free DNA screening.13,53

Because younger women are at lower risk, a focus
may be the likelihood of receiving a negative result
(and requiring no further evaluation or counseling),
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which is approximately 95% with either traditional or
cell-free DNA screening. The PPV of a positive cell-
free DNA screen is higher than that with a positive

traditional screen, but the majority of positives are
falsely positive with either test. This does not mean
that younger women should not have the option of
cell-free DNA screening. Rather, all pregnant women
need to be made aware of the risks, benefits, and
limitations of each screening and diagnostic testing
option.
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Box 1. Counseling Before Aneuploidy Screening

1. All pregnant women have three options: screening,
diagnostic testing, and no screening or testing.
� Whether to proceed with screening is a personal

decision, and there is no wrong answer.
� The purpose of the screening test is only to pro-

vide information, not to dictate any course of
action (such as termination).

� Diagnostic testing is made available to all preg-
nant women because it is considered safe and
effective.

2. The difference between a screening test and a diag-
nostic test:
� A screening test evaluates whether the preg-

nancy is at increased risk and provides a degree
of risk.

B A positive result often does not mean the
fetus is affected (many positives are false-
positives).

B A normal result does not necessarily mean
the fetus is unaffected (false-negatives can
occur).

B In the case of cell-free screening, some-
times the test does not provide a result,
and additional evaluation is needed.

� Irreversible decisions should not be based
solely on the results of any screening test.

� If a screening test is positive, a diagnostic test is
recommended if the patient wants to know
whether the fetus is affected.

3. Basic information about each condition covered by
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malities, prognosis), and what screening tests can-
not detect:
� Benefit of diagnosis includes earlier identifica-

tion of associated abnormalities.
� In case of trisomy 18 or 13, diagnosis may affect

management of the pregnancy (if growth restric-
tion develops or nonreassuring fetal heart rate
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a wide range of expression, several frequently so
mild they might otherwise not be diagnosed.
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test offered, the implications of a false-positive
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� The likelihood of identifying a maternal chro-
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quite low, but information should be provided.

5. The patient’s a priori risk for fetal aneuploidy may affect
her screening test options or election. Age-related risk
information may be found in reference tables.
� If a patient has had a prior fetus or neonate with

autosomal trisomy, Robertsonian translocation,
or other chromosomal abnormality, additional
evaluation and counseling are suggested.
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