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FIGURE Cell-free DNA 
(cfDNA) testing involves  
a single blood test that can  
be performed anytime after  
10 weeks’ gestation—at which  
point 10% of the total circulating  
cfDNA in the maternal serum is derived  
from the placenta, and can therefore be  
used to test for fetal disorders. 
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CASE Low-risk patient requests cell-free 
DNA screening
Ms. Smith is a 25-year-old woman (G1P0) pre-

senting at 10 weeks’ gestation for her first pre-

natal visit. She requests cell-free DNA (cfDNA) 

screening to test for fetal aneuploidy. You 

explain that the current recommendations are 

for traditional screening, and inform her that 

her insurance may not cover the cost of cfDNA 

screening. She is anxious to learn the sex of her 

fetus as early as possible, and indicates that she 

would like to pursue cfDNA. After further discus-

sion of the pros and cons, you order the test.

P renatal screening is currently recom-
mended in pregnancy for a number 
of genetic disorders, chromosomal 

aneuploidy, and structural birth defects in 
the fetus, regardless of maternal age or family 
history. There is a broad range of sonographic 

and maternal serum-based options available 
for carrying out aneuploidy risk assessment 
in the first and/or second trimester.

In addition, cfDNA screening for fe-
tal aneuploidy has been clinically available 
since 2011 and has seen tremendous uptake, 
particularly in the high-risk population. Re-
cent data indicate that cfDNA screening like-
wise has very high sensitivity and specificity 
for trisomy 21 in the low-risk population.1,2

Many low-risk patients are asking pro-
viders about the pros and cons of cfDNA 
screening, and the appropriateness of this 
test as a primary screen, including in low-risk 
patients, is the focus of this article.

What is cfDNA?
cfDNA consists of small (<200 base pairs) 
fragments of DNA that are present in the 
maternal serum. After 10 weeks of gestation, 
about 10% of the total circulating cfDNA in 
the maternal serum is derived from the pla-
centa and can therefore be used to test for fe-
tal disorders (FIGURE).3

Although cfDNA screening has been 
reported to be possible for many different 
types of genetic conditions, such as RhD type 
and single-gene disorders such as achondro-
plasia,4 most clinical testing is done for fetal  
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chromosomal disorders, including trisomies 
13, 18, and 21 and the sex chromosomes. In 
addition, some laboratories provide testing for 
other trisomies (16 and 22), as well as some of 
the microdeletion syndromes (22q11.2, 1p36, 
Prader Willi syndrome, and others).5

Analysis of cfDNA to assess the risk 
for aneuploidy is done using a number of 
different approaches; these generally all 
include next-generation sequencing with ad-
vanced bioinformatics analyses.3,6–9 Although 
the laboratories use somewhat different  
techniques, all of them share very high  

sensitivity and specificity for detection of tri-
somy 21 (TABLE 1).10

Sensitivities for trisomy 13 and sex chro-
mosomal abnormalities are somewhat lower, 
but the specificity is greater than 99% for each 
condition, meaning that false-positive rates 
are very low.

The accuracy of cfDNA in identifying 
chromosomal aneuploidy depends on sev-
eral factors, including the relative amount 
of fetal to maternal DNA, the chance that a 
chromosome abnormality is present (that is, 
the risk based on maternal age or results of 
other screening), and other factors such as 
the presence of twins or a nonviable second 
fetus, or the presence of placental mosaicism.

Because of these variables, both false-
positive and false-negative results can occur, 
and the test is not diagnostic but rather is 
considered a screening test. A positive result 
does not mean that the fetus is definitely af-
fected with aneuploidy. 

What are the advantages  
of cfDNA screening for  
low-risk patients?
There are several benefits of cfDNA screen-
ing versus traditional screening or diagnostic 
testing, which are the other options avail-
able (TABLE 2). For Down syndrome, the de-
tection rate is higher and the false-positive 
rate is lower than that seen with traditional  

TABLE 1  Positive predictive value of cfDNA screening for different chromosomal disorders* 
at increasing maternal ages

Disorder Sensitivity, % Specificity, %

PPV, % according to age

20 y 25 y 30 y 35 y

Trisomy 21 99.2 99.91 48 51 61 79

Trisomy 18 96.3 99.87 14 15 21 39

Trisomy 13 91.0 99.87 6 7 10 21

45X 90.3 99.77 41 41 41 41

Prader Willi micro-deletion syndrome** Unknown Unknown <1 <1 <1 <1

Abbreviation: PPV, positive predictive value. 

*Calculated based on Perinatal Quality Foundation noninvasive prenatal testing cfDNA calculator (www.perinatalquality.org).

**PPV calculated assuming sensitivity and specificity.

TABLE 2  Pros and cons of cfDNA screening  
in low-risk patients

Pros

•	 High detection rate and very low false-positive rate
•	 Can be performed any time after 10 weeks’ gestation
•	 Requires a single blood test at any gestational age
•	 Results presented in simple “Yes” or “No” format
•	 As with other screening tests, cfDNA provides a noninvasive 

determination of risk

Cons

•	 Tests for a limited range of conditions, which are rare in low-risk patients
•	 Is not as comprehensive or definitive as diagnostic testing with 

amniocentesis or chorionic villus sampling
•	 Results do not adjust for patient’s prior risk
•	 Positive results require calculation and interpretation of positive predictive 

value by provider
•	 Low fetal DNA and other factors can lead to test failure in some cases 
•	 Cannot be used with vanishing twin
•	 Can reveal unsuspected maternal conditions of uncertain significance



Because cfDNA 
screening is easy to 
perform, it often is 
done with inadeqate 
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aneuploidy screening using serum analytes 
and nuchal translucency ultrasonography.1,2

The test can be done any time after  
10 weeks’ gestation without the narrow  
gestational-age windows required or the need 
for accurate gestational age determination us-
ing traditional screening to accurately inter-
pret results. cfDNA screening involves a single 
blood test that does not require integration 
with multiple serum markers or ultrasound 
findings. Finally, results are generally pre-
sented in a simple “Yes” or “No” format that is 
easy for providers and patients to understand.

CASE   Continued
Your patient’s results are positive for trisomy 

13. Her understanding is that the test is more 

than 99% accurate, and she interprets this to 

mean that the chance of trisomy 13 in her fetus 

is more than 99%. She is distraught and asks 

about pregnancy termination.

What are the limitations  
of cfDNA screening?
Similar to other noninvasive screening tests, 
cfDNA screening does not carry direct risk 
to the pregnancy. However, there are limita-
tions to this testing. As a result, the American 
College of Obstetricians and Gynecologists 
(ACOG) and the Society for Maternal-Fetal 
Medicine (SMFM) recently have stated that 
traditional screening is the most appropriate 
option for most women.11,12 

One reason that cfDNA screening may 
not be the best choice for low-risk women is 
that Down syndrome is quite uncommon in 
this group, so cfDNA screening is a very pre-
cise test for a rare condition. Traditional mul-
tiple marker screening, on the other hand, is 
more effective at signaling risk for the broad 
range of adverse perinatal outcomes that can 
affect a pregnancy, including other structural 
birth defects, as well as such obstetric com-
plications as preterm birth, preeclampsia, 
and fetal growth restriction.13,14

Many women who undergo cfDNA 
screening are under the impression that they 
have had a definitive test for all birth defects 
when, in fact, the coverage of cfDNA for all 

possible birth defects in a low-risk woman is 
very limited; her residual risk for a birth defect 
is little changed by a normal cfDNA result.

The ease of obtaining a blood sample for 
cfDNA screening is an advantage of the test. 
However, because it is simple to perform, it 
often is done with inadequate pretest coun-
seling or consideration. Just because the test 
is easily obtained does not negate the need 
for adequate discussion to assure that each 
woman understands what the test can and 
cannot measure, and the possible outcomes 
of testing.

Another perceived benefit of cfDNA 
screening is the simple presentation of re-
sults. While reports vary, they generally pro-
vide very dichotomized results. Aneuploidy 
risk is reported as “Positive” or “Negative,” or 
as “Detected” or “Not detected.” 

Some laboratories report the chance of 
aneuploidy; this is almost always stated to be 
more than 99% in patients at increased risk, 
and less than 1 in 10,000 in patients at low risk.

All of these results suggest a near diag-
nostic certainty. However, this reporting is 
oversimplified and misleading, as it does 
not account for each patient’s prior or back-
ground risk. The chance that a positive result 
is a true positive is very different in a 20-year-
old versus a 35-year-old woman, yet the re-
ports do not reflect this difference in positive 
predictive value (PPV). See TABLE 1.

Accurate interpretation of risk for the in-
dividual patient, therefore, requires calcula-
tion by the provider; this can be done through 
an online calculator available through the 
Perinatal Quality Foundation (www.perina  
talquality.org).

CASE  Continued
You explain to your patient that the chance 

her fetus has trisomy 13 is far lower than 99%, 

based in part on the very low prior risk given 

her age. You calculate the PPV using an online 

calculator, which estimates that there is only a 

7% chance that this is a true positive result.

As mentioned earlier, there has been a tre-
mendously rapid uptake of cfDNA screen-
ing. Given wider use by practitioners not as  



Women aged  
35 years or older are 
optimal candidates 
for cfDNA screening
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familiar with the complexities of genetic test-
ing and statistical analysis, misunderstand-
ing of the test characteristics carries risks if 
inappropriate recommendations or deci-
sions are made or actions taken.

Most low-risk patients do not request or 
desire diagnostic testing. It is important dur-
ing pretest counseling to explain that cfDNA 
cannot detect all significant chromosomal 
aneuploidies. Some serious abnormalities 
will be undetected; therefore, some women 
may prefer more comprehensive prenatal 
testing (TABLE 3). 

ACOG recommends that diagnostic test-
ing should be available to all pregnant women, 
regardless of age.15 In prenatal series, triso-
mies 13, 18, and 21 make up approximately 
two-thirds of all clinically significant aneu-
ploidies.16,17 Given that cfDNA detects only 
these aneuploidies, the other third will not be 
identified prenatally in patients who choose 
cfDNA. Traditional aneuploidy screening has 
been demonstrated to detect a broader range 
of these less common but clinically important 
chromosomal abnormalities.18

In one study of women found to be at 
increased risk based on traditional multiple 
marker screening, if cfDNA were chosen in-
stead of diagnostic testing, 17% of the aneu-
ploidies present in this group would not have 
been detected.18 Of all high-risk women in 
this study, 2%, or 1 in 50, had a chromosomal 
abnormality detectable by amniocentesis but 
not with cfDNA. 

Successful tests require  
adequate placental DNA
Accurate interpretation of cfDNA screen-
ing also requires that an adequate quantity 
of placental DNA be present; this is often 
referred to as the “fetal fraction.” In some 
cases, the placental DNA volume is too low 
for accurate analysis, particularly in obese 
patients and women with specific chromo-
somal abnormalities.

Some laboratories measure this and do 
not report a result if the fetal fraction is below 
a specific cut-off, typically about 4%. Other 
laboratories do not measure or exclude cases 
with too little fetal DNA, raising concern 
that this could result in missing cases of an-
euploidy. It has been noted that a placental 
DNA fraction of less than 8% is associated 
with less accurate test results, even if results 
are returned.8

Low fetal fraction also has been asso-
ciated with maternal obesity, and in one 
study cfDNA failed to provide a result in 20% 
of women weighing more than 250 lb and 
50% of women weighing more than 350 lb.19 
Therefore, cfDNA is not the best option for 
obese women (TABLE 4).

While the free fraction is relatively constant 
from 10 to 22 weeks’ gestation, it is lower earlier 
than 10 weeks’ gestation and less likely to pro-
vide a result. For this reason, the test should not 
be attempted before 10 weeks’ gestation.

Recent evidence indicates that low fetal 
DNA fraction is associated with some chro-
mosome abnormalities. Given this associa-
tion, women with failed cfDNA results should 
be counseled and offered appropriate follow-
up. As the association appears to be greater 
for trisomies 13 and 18, and triploidy, a care-
ful ultrasound is likely to detect abnormali-
ties in many such cases. However, it also is 
appropriate to offer the option of diagnostic 
testing, given the very high risk. 

A repeat cfDNA test will be successful in 
some cases. Whether the patient chooses to 
attempt cfDNA again may depend in part on 
maternal body mass index (BMI), as well as 
gestational age—a patient at a more advanced 
gestation may not wish to delay obtaining de-
finitive information given the high risk.

TABLE 3  Checklist for pretest counseling for cfDNA28

•	 cfDNA screening is the most accurate screening test for trisomy 21

•	 cfDNA is a screening test, and false-positive and false-negative results 
can and do occur

•	 Diagnostic confirmation with chorionic villus sampling or amniocentesis is 
recommended for women with abnormal cfDNA results

•	 A negative cfDNA result decreases risk but does not rule out trisomy 21 
and other chromosomal conditions

•	 cfDNA does not test for all chromosomal conditions

•	 Women who desire definitive information about chromosome conditions 
in the pregnancy should consider diagnostic testing with chorionic villus 
sampling or amniocentesis

•	 All genetic testing is optional. Whether a woman chooses to have a 
screening test, a diagnostic test, or no testing is a personal decision; any 
are reasonable options for any pregnant woman.
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cfDNA screening has  
a low false-positive rate
One of the greatest benefits of cfDNA screen-
ing is a lower false-positive rate than is re-
ported with traditional screening. However, 
when “no results” cases are also considered, 
the percentage of patients who require  
follow-up after cfDNA is close to that of tradi-
tional screening.

The chance of test failure is reported to be 
0.9% to 8.1%,7,9,10 and varies in part by whether 
the laboratory measures fetal fraction and re-
quires a minimum concentration.

A recent meta-analysis estimated the 
overall test failure rate at 3%.10 When com-
paring cfDNA to traditional screening, if “no 
results” cases are included with the “screen 
positive” group, the benefits of cfDNA over 
traditional screening are much less clear, par-
ticularly in a low-risk population.

ACOG: Offer traditional  
multiple-marker screening first
While multiple marker and cfDNA screen-
ing have differing performance characteris-
tics, there are no data to support doing both 
tests concurrently. In fact, in a recent survey 
of nearly 200 women presented with differ-
ent testing scenarios, women found it prefer-
able and more reassuring to have a positive 
traditional screen followed by normal cfDNA 
results, rather that discrepant results of the 2 
tests done concurrently.20

For many reasons, the approach recom-
mended by ACOG and SMFM is to offer tra-
ditional multiple-marker screening first, and 
cfDNA screening or diagnostic testing as a fol-
low-up for patients that screen positive. In that 
scenario, the benefits and limitations of di-
agnostic testing versus follow-up with cfDNA 
screening should be explained carefully.

In all patients who have a positive cfDNA 
result, diagnostic testing for confirmation 
should be offered and strongly recommended 
prior to pregnancy termination if that is con-
sidered. Even if a structural abnormality is 
present and a true positive result is highly 
likely, karyotyping is important to determine 
if there may be an inherited translocation put-
ting subsequent pregnancies at higher risk.

Components of  
pretest counseling
A woman of any age can have a fetus with tri-
somy or another chromosomal abnormality, 
and some women prefer diagnostic testing or 
no testing regardless of age. It is therefore ap-
propriate to offer diagnostic testing, screen-
ing, or the option of no testing to all women.

Recent studies have demonstrated that 
providing well-informed access to all pre-
natal tests results in more informed choices 
and no increase in uptake of invasive test-
ing.22 However, the offer of prenatal testing 
requires discussion of the pros and cons of all 
test options, including the detection rates of 
all significant abnormalities, the screen posi-
tive rates, and recommended follow-up if an 
abnormal result is obtained. See TABLE 4.

Cost-effectiveness
Although the detection rate of cfDNA for 
trisomy 21 is higher than that of traditional 
screening, the detection rate of traditional 
screening is also quite high at lower cost. 
For low-risk women, therefore, traditional 
screening provides a less expensive alterna-
tive to cfDNA. Because aneuploidy is rare 
in low-risk patients, the residual chance of  

TABLE 4  Appropriateness of cfDNA screening 
in specific clinical circumstances

Optimal candidates for cfDNA screening

•	 High risk for trisomy based on maternal age (≥35 years)
•	 Ultrasound findings suggesting trisomy 13, 18, or 21
•	 History of prior pregnancy with trisomy 13, 18, or 21
•	 Positive traditional screening test
•	 Parental balanced Robertsonian translocation associated with risk for 

trisomy 13 or 21

Less optimal candidates

•	 Low risk for trisomy based on age and/or low risk traditional screening
•	 Ultrasound structural anomalies other than those specifically suggesting 

trisomy 13, 18, or 21
•	 High risk for nonchromosomal genetic disorder
•	 Comprehensive genetic diagnosis desired
•	 Maternal malignancy
•	 Maternal organ transplant
•	 Maternal sex chromosomal mosaicism or other chromosomal abnormality
•	 Maternal obesity
•	 Gestational age <10 weeks



A few cases of 
maternal malignancy 
with chromosomal 
abnormalities within 
the tumor have been 
reported in patients 
with false-positive 
cfDNA results
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aneuploidy after a normal traditional screen 
is very low, and the cost per additional case 
of Down syndrome detected by cfDNA is very 
high.

In one study, this was estimated at  
$3.6 million.23 These authors suggested that, 
at present, cfDNA is optimally used as a sec-
ondary screen for high-risk women. Other 
cost analyses also have demonstrated that 
the most cost-effective strategy is a model in 
which cfDNA is used as a follow-up test in 
patients found to be screen positive by tra-
ditional screening.15,24 A recent cost utility 
analysis compared outcomes of 6 approaches 
to prenatal screening, including sequential 
screening, cfDNA screening, nuchal translu-
cency only, and diagnostic testing with micro-
array (alone, in combination, or in sequence).

The clinical outcomes included fetal ab-
normalities detected, taking into account all 
chromosomal abnormalities, as well as failed 
cfDNA tests. For younger women (<40 yr), tra-
ditional sequential screening provided the 
highest detection of all abnormalities and 
was the optimal testing strategy, while cfDNA 
was preferable for women aged 40 or older, 
given the higher prevalence of trisomy 21.20

Incidental findings
Given that the cfDNA in maternal serum is 
a mixture of maternal and placental DNA, a 
number of biologic phenomena can cause a 
false-positive cfDNA result. In many cases, 

these false-positives reveal unanticipated or 
unexpected maternal conditions and infor-
mation that the woman may have preferred 
not to know. A few cases of maternal malig-
nancies with chromosomal abnormalities 
within the tumor have been reported in pa-
tients with false-positive cfDNA results.26

These case reports have raised the ques-
tion about the need for further evaluation 
for maternal malignancy in women with 
false-positive results. Maternal genetic dis-
orders also can cause false-positive results, 
and may lead to unanticipated detection 
of adult-onset conditions. In some cases, 
positive results for sex chromosomal aneu-
ploidy can occur in pregnant women who 
themselves have a sex chromosomal abnor-
mality, often in mosaic form and previously  
undiagnosed.27 

Again, this has led to discussion of the 
possible health benefit of karyotyping women 
who have a false-positive cfDNA result to rule 
out a mosaic chromosomal abnormality in 
the mother. 

At this time, the clinical utility of such 
investigations is unknown and there are no 
recommendations regarding appropriate 
follow-up for such cases.

CASE  Resolved
Given the results of her cfDNA screening, your 

patient opts to undergo diagnostic testing. In 

that testing, trisomy 13 is ruled out and she 

goes on to have a healthy daughter. 
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