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Recommendations – overview
!

1. cfDNA testing should be offered only after, or in
conjunction with, a qualified ultrasound and fol-
lowing appropriate counseling about the nature,
scope and significance of the test.
2. cfDNA tests are screening tests. A high-risk cfDNA
testing result should always be confirmed by an in-
vasive diagnostic test (Chorionic villous sampling,
amniocentesis), before a clinical consequence is
drawn from the findings.
3. cfDNA testing can be used as secondary screen-
ing test for trisomy 21 (Down syndrome) for the re-
duction of invasive procedures after a high or inter-
mediate risk result from First-trimester combined
test (1 in 1,000 or > 1: 500 (FMF-D)). It should be
noted that, even when cfDNA testing is used as a
secondary screening, invasive diagnostic testing
(Chorionic villous sampling, amniocentesis) is still
the method of choice when the adjusted risk for
trisomy 21 after the combined test is > 1:10 or the
fetal nuchal translucency thickness is > 3.5mm or a
fetal malformation is present.
4. cfDNA tests can also be used as a primary screen-
ing method for fetal trisomy 21 in pregnant women
of every age and risk group.
5. In general, it should be noted that the perform-
ance of cfDNA screening for trisomy 18 (Edwards
syndrome) and trisomy 13 (Patau syndrome) is
lower than that for trisomy 21.
6. Based on the available evidence the use of cfDNA
tests to screen for aneuploidy of sex chromosomes
and microdeletion syndroms can currently not be
recommended without reservation.

Correspondence
Österreich: Ass. Prof. Priv. Doz.
Dr. med. Maximilian Schmid,
Universitätsklinik für Frauenheil-
kunde Wien, E-Mail: maximilian.
schmid@meduniwien.ac.at,
Assoz. Prof. Priv.-Doz. Dr. Philipp
Klaritsch, Universitätsklinik für
Frauenheilkunde und Geburts-
hilfe, Medizinische Universität
Graz (Austria), E-Mail: philipp.
klaritsch@medunigraz.at
Deutschland: Prof. Dr. Bernd
Eiben, MVZ Institut für Labor-
medizin und Klinische Genetik
Rhein/Ruhr GmbH,
E-Mail: eiben@eurogen.de
Schweiz: Prof. Dr. med.
Sevgi Tercanli, Ultraschall Freie-
Strasse Basel, E-Mail: sevgi.
tercanli@unibas.ch

Recommendation 507

Schmid M et al. Cell-Free DNA Testing… Ultraschall in Med 2015; 36: 507–510

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Preamble
!

Noninvasive prenatal testing (NIPT), also referred to as cell-free
DNA (cfDNA) testing, allows reliable assessment of the risks for
common fetal chromosome abnormalities. The test is based on
the known fact that genetic material of the mother and the fetus
is present in the maternal blood (cell-free DNA, cfDNA). The genet-
ic material of the fetus comes largely from the placenta. This mate-
rial is examined using highly sophisticated testing methods (next
generation sequencing, microarray analysis). By measuring the
concentration and distribution of the cfDNA, a risk analysis is per-
formed to determine whether the unborn child could be affected
by a chromosome abnormality. This cfDNA analysis is subject to
the Gene Technology Act in Austria, the Federal Law on Genetic
Testing on Humans in Switzerland, and the Genetic Diagnosis
Act in Germany. These country-specific laws regulate informed
consent, physician qualifications, and analysis modalities in the ge-
netics lab.
Depending on the particular test, this new screening method can
be performed already from 9+1 gestational weeks. Due to its ex-
cellent sensitivity and specificity, in particular as a screening test
for trisomy 21 (Down syndrome), it has higher diagnostic signifi-
cance than first trimester screening via the combined test (meas-
urement of fetal nuchal translucency, determination of PAPP-A
and free beta-hCG). It must be taken into consideration that the
test is a screening test and is not diagnostic. Therefore, false-neg-
ative and false-positive findings are possible with the cfDNA test.
Moreover, only screening for the presence of trisomy 21 (Down
syndrome), trisomy 18 (Edwards syndrome) and trisomy 13 (Pa-
tau syndrome) is typically routinely performed. Some test provi-
ders offer the option to test for sex chromosome aneuploidies,
triploidy, and microdeletion syndromes. However, cytogenetic
diagnosis of all 46 fetal chromosomes is still only possible via in-
vasive testing (amniocentesis, chrionic villus sampling). The use
of cfDNA tests is currently often limited to secondary screening
after a positive or intermediate combined test result, primarily
for economic reasons. However, new data show that cfDNA tests
are superior to the combined test even in primary screening for
trisomy 21. The use of cfDNA tests for screening for sex chromo-
some aneuploidies is controversial for ethical reasons. Use for
screening for microdeletion syndromes also currently cannot
be recommended without restriction on the basis of the present
data.

Recommendations
!

1. cfDNA tests should only be offered after or in
connection with an ultrasound scan and after the
patient has been duly informed of the nature, scope,
and diagnostic significance of the test.
As a rule, every pregnant woman should be informed of the op-
tion to screen for fetal structural and genetic diseases. If she deci-
des to undergo screening for trisomy 13, 18, and 21, she should
be informed of the different methods (combined test, cfDNA
test, and invasive prenatal genetic testing) as well as each meth-
od’s detection rates and risks. Prenatal screening is used for early
detection of structural and genetic diseases in fetuses. As early as
11+0 gestational weeks, a number of anatomical fetal structures
(e. g. head and brain, hands and feet, spinal column, heart, dia-
phragm, and abdominal wall) can be visualized with a detailed
ultrasound examination. Various larger malformations can also

be detected at this time. A recent meta-analysis shows that up
to 51% of fetal malformations can be detected early via ultra-
sound in the first trimester [1]. Therefore, fetal size and anatomy
should always be examined via ultrasound regardless of the
method used to screen for genetic diseases [2].

2. cfDNA tests are screening tests. Positive cfDNA test
results must always be verified by invasive testing
(chorionic villus sampling, amniocentesis) before draw-
ing clinical conclusions from findings.
The patient must be informed that a cfDNA test cannot always be
successfully performed (test failure). The most common reason
for this is an insufficient percentage of fetal cfDNA in the total
cfDNA (fetal DNA fraction) [3, 4]. Therefore, specification of the
fetal DNA fraction on the finding is a main condition for a reliable
cfDNA test. This must be taken into consideration when selecting
a suitable test since there are still manufacturers who do not
measure or specify this value. The fetal fraction must be taken
into particular consideration not only in early pregnancy but
also in obese patients. The risk for an insufficient fetal fraction is
higher in overweight pregnant women than in normal-weight
patients [5]. If test failure occurs when using cfDNA tests for pri-
mary screening, a combined test can be used as an alternative
screening method between 11+0 and 13+6 gestational weeks
(crown rump length 45mm-84mm). In the case of test failure in
secondary screening, the test can be repeated (“redraw”) or inva-
sive prenatal genetic testing (chorionic villus sampling, amnio-
centesis) must be considered depending on the clinical situation.
Despite significant improvements compared to previous screen-
ing methods, the sensitivity and specificity of cell-free DNA tests
are not 100%. Therefore, both false-negative and false-positive
findings are possible. A positive result must therefore always be
verified with an invasive diagnostic method (chorionic villus
sampling or amniocentesis). Mosaics limited to the placenta are
probably the most common cause of false-positive cfDNA test re-
sults [6]. As known from chorionic villus sampling, this can occur
in up to 1% of pregnancies. The term discordant findings rather
than false-positive findings should be used since the cell-free
DNA test does in fact show real acquisition of cell-free DNA of a
chromosome in these cases but it cannot be traced back to the fe-
tus. A vanishing twin can also be a reason for a discordant result
[7]. Therefore, in the case of known loss of a twin, use of cfDNA
tests should be viewed critically and is currently not recommen-
ded. There are also very rare causes for discordant findings that
have only been described in individual publications to date (mo-
saic finding or malignancy in the mother).

3. cfDNA tests can be used as secondary screening for
trisomy 21 (Down syndrome) to reduce the number
of invasive tests after positive or intermediate first tri-
mester screening results via a combined test.
For a long time respected professional associations recommen-
ded the use of cfDNA tests only in the high-risk group [8–11].
This means primarily use as a secondary screening method after
a preceding positive combined test. However, which adjusted risk
value after a combined test represents an indication for cfDNA
tests is currently unclear. A cut-off at a risk of > 1:1000 or 1:500
(Fetal Medicine Foundation Germany) [12, 13] was discussed.
An adjusted risk of > 1:2500 to provide more generous indication
determination was recently considered [14, 15]. However, these
values are based on theoretical considerations. Professional asso-
ciations such as the German Society of Human Genetics recom-
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mend providing NIPT to every pregnant woman [16]. There are
currently no published clinical studies or clear international re-
commendations. Therefore, a cut-off of >1:1000 or >1:500 (Fetal
Medicine Foundation Germany) is recommended in the current
consensus. With an adjusted risk based on a combined test result
with an intermediate risk, the option of performing an additional
cfDNA test should be discussed and documented accordingly.
With this model a detection rate for trisomy 21 of 97% can theo-
retically be ensured at a cut-off of > 1:1000 [15, 17].
In Switzerland the costs for cfDNA tests in the case of an adjusted
risk based on the combined test of > 1:1000 have been covered by
health insurance since July 2015. When using the test as a sec-
ondary screening method, it must be taken into consideration
that invasive testing (chorionic villus sampling, amniocentesis)
is still the method of choice in the case of an adjusted risk for tris-
omy 21 based on the combined test of > 1:10 or in the case of so-
nographic detection of a fetal nuchal translucency >3.5mm or a
fetal malformation [18, 19]. In these cases the option of prenatal
genetic analysis via CGH microarray should also be discussed. In
this way the common aneuploidies as well as other chromosomal
aberrations can be ruled out in a timely manner. Regardless of
this, counselling and more comprehensive testing at a reference
center are recommended in Switzerland in case of a nuchal trans-
lucency >95th percentile.
The goal of cell-free DNA tests as secondary screening is primarily
to reduce the number of invasive tests following a positive com-
bined test. This is based on the fact that the combined test has a
significantly higher false-positive rate of 5% or 3.42% in the case
of the algorithm of the Fetal Medicine Foundation Germany for
trisomy 21 and 1.6% for trisomy 13/18 [12] compared to the
false-positive rate of the cfDNA test of < 0.1 %. Therefore, in the
case of a positive combined test, the patient should be informed
of the option of invasive prenatal genetic testing (chorionic villus
sampling, amniocentesis) as well as cfDNA testing. However, the
question of the cut-off is ultimately an individual decision and
must be discussed with the patient.

4. cfDNA tests can also be used as a primary screening
test for fetal trisomy 21 in pregnant women of any age
and every risk group.
New studies show that the sensitivity and specificity of cell-free
DNA tests are greatly superior to those of the combined test even
in collectives with a primarily low or average risk and use of
cfDNA tests as a primary screening method is reasonable [20,
21]. As a result of NIPT and ultrasound, detection rates of >99%
for trisomy 21 with a low false-positive rate of <0.1 % can theore-
tically be achieved [22]. Therefore, for example, a detailed ultra-
sound examination including nuchal translucency measurement
starting at approx. 12+0 gestational weeks could be combined
with a cfDNA blood draw. An alternative approach suggested
by the Fetal Medicine Foundation UK is to perform the blood
draw as early as 10 +0 gestational weeks. The crown rump length
should be at least 32mm. When the result of the cell-free DNA
test is available approximately 2 weeks later, the results are dis-
cussed and first-trimester screening via ultrasound and meas-
urement of the fetal nuchal translucency is performed. In the
case of sonographic detection of a nuchal translucency >3.5mm
or a fetal malformation, invasive prenatal genetic testing includ-
ing microarray analysis is recommended regardless of the cfDNA
test result [18, 19].

5. In general, it must be taken into consideration that the
performance of cfDNA screening for trisomy 18 (Ed-
wards syndrome) and trisomy 13 (Patau syndrome) is
less than the performance of cfDNA screening for
trisomy 21.
A summary of the major studies published to date for singleton
pregnancies regardless of the method yields the following data
[22]:

▶ Trisomy 21 – detection rate 99.2 %; false-positive rate 0.09%

▶ Trisomy 18 – detection rate 96.3 %; false-positive rate 0.13%

▶ Trisomy 13 – detection rate 91.0 %; false-positive rate 0.13%
In particular the definite limitation of the test quality for trisomy
13 should be noted here. In addition to technical factors (“GC
bias” in MPSS), the reason for this seems to be the frequent pres-
ence of mosaics in the placenta for trisomies 13 and 18 [23]. In
the case of cfDNA test results with a high risk for these two aneu-
ploidies, amniocentesis is therefore the method of choice for fur-
ther testing. It should also be noted that trisomies 18 and 13 can
be identified early in most cases by ultrasound examination.

6. The use of cfDNA tests for screening for sex chromo-
some aneuploidies and for microdeletion syndromes
currently cannot be recommended without restriction
on the basis of the present data.
Even though commercial providers of cell-free DNA tests are at-
tempting to test for an ever increasing number of diseases, test-
ing for all genetic diseases will not be possible in the near future.
It must be taken into consideration that new indications/clinical
pictures significantly increase the cumulative false-positive rate
of the tests. This negates a significant advantage over the com-
bined test. This is particularly true for microdeletion syndromes.
Moreover, there is currently barely reliable clinical evidence for
this indication. If available, data regarding test quality are derived
from an extremely small number of subjects, many of whom
were examined exclusively in vitro [24]. Screening for microdele-
tion syndromes via cfDNA tests is also problematic because the
usually low incidence of these syndromes results in false-positive
cfDNA test results being generated and a certain microdeletion
syndrome cannot really be ruled out via a cfDNA test with a low
sensitivity. Moreover, testing is only performed for a limited
number of microdeletion syndromes. Thus, even after a negative
test, there is no significant change in the a priori risk for microde-
letion syndromes. If screening for individual microdeletion
syndromes via cfDNA analysis is desired, this should be limited
to clinically relevant microdeletion syndromes with a significant
prevalence and a defined phenotype. An example of this is
screening for microdeletion 22q11 (DiGeorge syndrome) [25]. Fi-
nally it should be noted that although there are already promis-
ing experiments regarding the detection of monogenetic dis-
eases via cfDNA tests, such applications must currently still be
viewed as experimental and should only be recommended in
clinical studies [26].
The use of cell-free DNA tests for screening for sex chromosome
abnormalities is controversial. A current meta-analysis shows
that the detection rate for monosomy X (Turner syndrome) and
other sex chromosome abnormalities (e. g. XXX, Klinefelter syn-
drome) is 90.3–93.0 % with false-positive rates of 0.14% to
0.23% [22]. The test quality is thus significantly lower than that
for trisomy 21. It must also be noted that none of the evaluated
studies can provide reliable data regarding detection rates since
there was usually no cytogenetic evaluation of children with a
phenotypic abnormality. Moreover, counseling in the case of a
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positive test is difficult: The clinical phenotype in sex chromo-
some abnormalities is very variable and many of those affected
only suffer from mild physical or mental developmental disor-
ders if at all. Many experts therefore reject screening for sex chro-
mosome aneuploidies. In any case it is undisputed that every
pregnant woman must be thoroughly counseled prior to screen-
ing for sex chromosome aneuploidies.
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