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Patients who experienced recurrent miscarriages may tend
to refuse invasive testing due to the procedure-related
miscarriage risk, even if they are carriers of a balanced
translocation. Carriers of a balanced chromosome aberra-
tion may go through multiple miscarriages of unbalanced
products of conception and are very anxious about taking
any risk when pregnancy survives longer than the previous
ones have. In some countries in daily practice there is
increasing demand for noninvasive prenatal testing (NIPT)
for this indication. NIPT is indeed used as a prenatal
screening technique to detect the common aneuploidies
[1] and it has also been shown that subchromosomal
unbalanced aberrations and even submicroscopic imbal-
ances (microdeletions and – duplications) can be detected
[2,3]. However, although several publications have demon-
strated NIPT detection of deletions, currently available
whole-genome tests are not extensively validated to detect
deletions of particular sizes. Nevertheless, we hypothesized
that NIPT could be a second-best option for carriers of
balanced aberrations, who are not willing to take the
0.1%–0.2% risk of miscarriage induced by invasive testing.
To be able to consider this option some questions should
be answered. Could noninvasive testing serve as an early
diagnostic or screening test? Is the resolution of the test
good enough to detect the possible imbalance in the
individual family? Can a referring clinician assess the size
of the possible imbalance?

Carrying a balanced translocation or an inversion is
typically an indication for invasive prenatal diagnosis
using chorionic villi (CV) sampled in the first trimester of
pregnancy due to the high risk for unbalanced offspring.
Aneuploidy in the cytotrophoblast (or short-term cultured
villi – STC-villi) does not always represent the fetal karyo-
type as reliably as the mesenchymal core (long term cul-
tured villi). However, yearlong experience from cytogenetic
testing of CV shows that the presence or absence of famil-
ial (un)balanced translocation can reliably be assessed in
the cytotrophoblast of CV, which enables a rapid prenatal
diagnosis [4–6]. Therefore, theoretically, analysis of cell free

(cf) DNA of which the fetal part originates from the cyto-
trophoblast, should also give reliable results. When NIPT
shows the unbalanced product of the parental structural
chromosome aberration such a result might therefore be
considered as a definitive diagnosis (in the absence of a
vanishing twin). Moreover, the interpretation of such result
will be easy since the translocation breakpoints are known
in advance and the duplication and deletion are present at
the same time at known chromosomal locations. Therefore,
the performance of NIPT to detect known familial unba-
lanced translocations is expected to be better than detect-
ing de novo structural chromosome aberrations. If another
chromosome aberration is found, follow-up diagnostic test-
ing is still necessary.

Another consideration is whether the resolution of current
NIPT technology is ‘good enough’ to be used for subchromosomal
imbalances. According to some authors, NIPT based on cfDNA
already allows screening with a resolution similar to karyotyping
and there are many efforts done to introduce screening for sub-
microscopic aberrations as well [2,7–14]. At this time point it is
difficult to compare the cases presented in the literature as there is
a large variety of available tests that differ in cfDNA isolation,
library preparation, sequencing, data analysis, software, as well
as fetal fraction measurements and gestational age. Nevertheless
carriers of Robertsonian translocations that have an increased risk
for a trisomic offspring have already been offered NIPT as an
alternative for invasive sampling [15], as the sensitivity for detec-
tion of whole chromosome trisomy is well described [1]. Moreover,
many authors show that their particular test is able to detect
structural chromosome aberrations [2,7–10,13,14]. Most authors
claim 4% fetal fraction as minimal for trisomy detection. However,
the minimal percentage of ‘fetal’ cfDNA fraction necessary for
reliable detection of all subchromosomal aberrations has not yet
been assessed and will likely depend on the genomic size of the
imbalances. Kitty K. Lo and colleagues estimated the test sensitiv-
ity for deletions of different sizes depending on the fetal fraction
and sequencing depth. They concluded that to be able to detect a
deletion of about 10Mb with high sensitivity, a fetal fraction of
10% and at least 10 mln reads are necessary, while detecting a 3
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Mb deletion in such a sample with the same sequence depth is
practically impossible [16].

When a robust test with a reliable resolution is available,
the case selection by a clinician should be done carefully. To
be able to advice an individual patient on whether NIPT is
an option for them, the size of potential segmental imbal-
ances should be estimated based on the translocation or
inversion breakpoints. Since most of the balanced transloca-
tion carriers have been detected by conventional karyotyp-
ing, most of the imbalances would concern aberrations
larger than 5–10 Mb. However, for the determination of
the chromosomal breakpoints in particular families, the
ones assessed by microarray on unbalanced offspring are
preferred over those determined by karyotyping to decrease
the risk of cryptic genomic imbalances. The individual family
breakpoints should be evaluated and the sizes of potential
imbalances can be assessed by using a genome browser.
Roughly, the size of the distance between the chromosomal
breakpoint and a telomere can be measured and in this way
a clinician should be able to estimate whether a particular
genome-wide NIPT test with a well-established resolution is
appropriate for the individual family. For instance, if poten-
tial imbalances are expected to be >20 Mb, the freeware
Wisecondor, may be an appropriate NIPT test [11].

Obviously, more research is needed to establish the abil-
ity of NIPT to detect unbalanced translocations. Preferably
whole genome approaches should be employed to investi-
gate all chromosomes. In order to fully validate a NIPT test
for carriers of balanced chromosome aberrations, ideally a
large cohort should be evaluated with both NIPT and inva-
sive testing followed by microarray. It would also be inter-
esting to clinically test whether the test resolution changes
with gestational age and therefore fetal cfDNA fraction in
order to determine the optimal sampling time. However, this
will obviously be very difficult to accomplish in a clinical
setting since only a minority continues pregnancy when the
fetus is affected and multiple sampling in affected pregnan-
cies may not always be possible. We question whether it will
be necessary to validate genome-wide NIPT for all possible
combinations of chromosomal imbalances in order to call
this test validated for detection of subchromosomal aberra-
tions. Neither karyotyping nor microarray were validated for
all possible imbalances before they were implemented for
clinical use. Ideally imbalances of all telomeric regions
should be validated, but as the individual cases are rare it
may not be clinically feasible to do so. To ensure a sufficient
fetal fraction of cfDNA, it may be reasonable to test these
pregnancies later in the pregnancy than the current test for
aneuploidy is done.

Finally, in our opinion, an invasive test should be the gold
standard for high risk pregnancies, but NIPT could be
the second-best choice when one of the parent carries a
balanced chromosome aberration and refuses invasive testing.
In all cases, an appropriate pretest counseling is indispensable.
It was shown that after pretest counseling, patients seem to
understand the limitations of NIPT and are capable to make
their own informed choices (van der Steen et al. own manu-
script under review). A good counseling explaining the limita-
tion of the particular NIPT test in relation to the medical

question is mandatory to avoid false reassurance on the chro-
mosomal status of the fetus.
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