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Purpose: To compare the number and types of chromosome abnormal-
ities prenatally diagnosed and the number of invasive procedures be-
tween current prenatal testing pathways and a pathway where noninva-
sive prenatal diagnosis for Down syndrome replaces Down syndrome
screening tests. Methods: Numbers and types of chromosome abnor-
malities for each referral category were extracted from prenatal diag-
nostic testing reports routinely collected in Victoria, Australia, in 2006
and 2007. These data were then applied to the proposed implementation
strategy. Results: If noninvasive prenatal diagnosis for Down syndrome
had replaced Down syndrome screening tests in 2006 and 2007, in
Victoria, there would have been 25 (7%) additional Down syndrome
diagnosed, 6896 (84%) fewer invasive procedures, and 231 (56%)
non-Down syndrome chromosome abnormalities no longer detected.
These include trisomy 13, trisomy 18, sex chromosome abnormalities,
balanced and unbalanced rearrangements, polyploidy, and mosaic re-
sults. Conclusions: The potential loss of information about chromo-
some abnormalities other than Down syndrome with noninvasive pre-
natal diagnosis compared with full karyotyping with traditional prenatal
diagnosis should be considered when planning for the implementation
of new technologies. Genet Med 2010:12(5):298–303.
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Noninvasive prenatal diagnosis (NIPD) for chromosome
abnormalities has the potential to revolutionize prenatal

diagnosis in the next 5 years. The discovery of cell-free fetal
nucleic acids in maternal serum1,2 has accelerated the develop-
ment of NIPD as a diagnostic test, and NIPD strategies are
currently being investigated only for trisomy 21 (Down syn-
drome)3–9 or for trisomies 13, 18, and 21.10,11 Ways of intro-
ducing routine screening of chromosome abnormalities using
NIPD and the implications of different strategies have not been
discussed.

In Victoria, Australia, as in many other places around the
world, women currently self-select to have invasive diagnostic
testing (chorionic villus sampling or amniocentesis) and karyo-
typing based on real or perceived risks of Down syndrome and
other chromosome abnormalities. Most of these women have an

increased risk of Down syndrome based on their age, results of
first trimester combined serum screening (1TCS), second tri-
mester maternal serum screening (2TS), or increased nuchal
translucency alone. Karyotyping is a genome-wide test, evaluating
all 23 pairs of chromosomes for their number, size, shape, and
banding pattern, to detect structural and numerical chromosome
abnormalities. Importantly, karyotyping detects a far broader spec-
trum of chromosome abnormalities than Down syndrome.

NIPD for Down syndrome promises a decrease in the number
of invasive tests and an increase in the prenatal detection of
Down syndrome. However, there is also the potential for a
decrease in the detection of chromosome abnormalities other
than Down syndrome.12 In Victoria, with �70,000 births each
year, we can examine the existing situation using population-
based data that are routinely collected for all prenatal screening
and prenatal diagnostic tests. To predict the potential effect of
NIPD for Down syndrome on prenatal testing outcomes, the
data can then be applied to one potential implementation model in
which NIPD for Down syndrome replaces serum screening tests.

The main aims of this study were to predict changes in the
detection of chromosome abnormalities and in the number of
invasive procedures if NIPD for Down syndrome was intro-
duced in our setting. This analysis will provide a basis for
gauging the potential effect of implementing NIPD for Down
syndrome and inform consideration of the advantages of current
practices balanced against the advantages of potential new
strategies.

METHODS

Two population-based data sets were used:

1. Genetic health prenatal screening database: records for
2006 and 2007 of all women in Victoria who had either
first trimester combined screening (1TCS) or second tri-
mester screening (2TS).

2. Victorian prenatal diagnosis database: records for 2006
and 2007 from all four cytogenetic laboratories in Victoria
that process prenatal diagnostic tests, including karyotype
results and indications for testing.13,14

Indications
For all prenatal cytogenetic tests, the indications for testing

were grouped into the following categories: age (maternal age,
�37 years), screening tests (1TCS, 2TS, and nuchal translu-
cency screening), abnormal ultrasound (fetal anomaly scan be-
tween 16 and 20 weeks), carrier parent (known carrier of a
balanced chromosomal rearrangement), and other (maternal
age � 37 years, couples who had a previous chromosomally
abnormal aneuploid pregnancy, and psychosocial reasons).

Karyotype results
Karyotype results were grouped into the following categories:

no abnormality detected, Down syndrome, other autosomal tri-
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somies, sex chromosome aneuploidy, polyploidy, unbalanced re-
arrangements, balanced rearrangements, and mosaicism. Only level III
mosaic results, representing true mosaicism, were included.

NIPD
Although recognizing that there are technical aspects of

NIPD that require refinement,15,16 we assumed an extremely
high sensitivity and specificity, and applicability to all women.
We also assumed that although free fetal DNA is present in
maternal serum as early as 7 weeks gestation,17 the test would
be offered at a more realistic 12 weeks gestation to coincide
with the gestation at which 1TCS and chorionic villous sam-
pling (CVS) are offered.

Prenatal pathways
Figure 1 shows the existing testing pathways and the pro-

posed NIPD pathways in which screening tests for Down syn-
drome are replaced with NIPD for Down syndrome. The NIPD
pathways were constructed so that:

a. women with a referral indication of carrier parent go
directly (without previous NIPD) to an invasive test and
karyotyping;

b. women who have no testing with existing pathways con-
tinue to have no testing;

c. women with referral indications of screening tests, age,
and other, with existing pathways, have NIPD for Down
syndrome (receiving either a Down syndrome or not
Down syndrome result);

d. women continue to have fetal anomaly scans at 18 weeks
(same as existing pathways);

e. women with abnormal ultrasound findings may have in-
vasive testing and karyotyping (same as existing path-
ways); and

f. women with Down syndrome diagnoses after NIPD have
invasive testing and karyotyping for confirmation.

Calculations
The increase in the number of Down syndrome diagnoses

with NIPD should be equivalent to the number of false-negative
results with 1TCS and 2TS. To calculate the number of false

Fig. 1. Testing pathways: A, Existing and B, NIPD.
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negatives (DSn), we combined the number of Down syndrome
diagnoses from referral indications of 1TCS and 2TS with
published sensitivities for our population of 90.5% for 1TCS18

and 85% for 2TS.19 The false-negative results refer to women
who had 1TCS or 2TS, no diagnostic test, but had a pregnancy
with Down syndrome. It includes fetal deaths, terminations, and
livebirths. With NIPD for Down syndrome, these women would
have received a diagnosis instead of a risk figure. If DSt is the
total number of Down syndrome detected by the NIPD path-
ways, and DSe is the number of Down syndrome detected with
existing pathways, then DSt � DSn � DSe.

The number of non-Down syndrome abnormalities detected
with the NIPD pathways were calculated by combining the
number of non-Down syndrome abnormal results in the carrier
parent and abnormal ultrasound referral groups (Fig. 1, B). The
number of invasive tests with the NIPD pathways equals the
number of referrals for carrier parent, Down syndrome diag-
noses after NIPD, and abnormal ultrasound (Fig. 1, B).

RESULTS

Existing pathways
The total number of referrals for karyotyping in 2006 and

2007 was 8186. Data were combined for CVS and amniocen-
tesis, with 33% of procedures being CVS. The total number of
abnormal results was 740 (9%), comprising 330 Down syn-
drome results and 410 abnormal non-Down syndrome results.
Referrals for prenatal diagnosis were screening 3527 (43%), age

2805 (34%), abnormal ultrasound 910 (11%), other 867 (10%),
and carrier parent 77 (1%).

Figure 2 shows the breakdown by category of chromosome
abnormality for each referral indication with existing pathways.
For all indications, a high proportion of abnormal results were
non-Down syndrome. When the indication was screening, 159
of 385 (41%) of the abnormal results were non-Down syn-
drome, whereas for all other indication categories, non-Down
syndrome abnormalities were more frequent than Down syn-
drome: carrier parent 29 of 29 (100%), abnormal ultrasound 150
of 202 (74%), age 60 of 107 (61%), and ‘other’ 12 of 17 (70%).

NIPD pathways
The additional number of Down syndrome detected with the

NIPD pathways was calculated as 25, comprising 21 undiag-
nosed Down syndrome pregnancies after 1TCS and 4 after 2TS.
Therefore, the Down syndrome diagnoses would have increased
from the existing 330 to 355, a 7% increase (Fig. 3).

Figure 3 also compares the number of non-Down syndrome
abnormalities detected between existing and NIPD pathways.
With existing pathways, there were 410 non-Down syndrome
abnormalities, whereas with NIPD, there would have been 179,
a reduction of 56%. The 231 cases no longer detected with
NIPD comprised 78 (34%) other autosomal aneuploidies (76 of
78 were either trisomy 18 or trisomy 13), 51 (22%) sex chro-
mosome abnormalities, 36 (16%) balanced rearrangements, 31
(13%) mosaic results, 20 (9%) unbalanced rearrangements, and
15 (6%) polyploidy.

Fig. 2. Chromosome abnormalities detected from each referral category with existing pathways.
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Overall, the replacement of screening tests with NIPD for
Down syndrome would have resulted in a 28% reduction in the
detection of all chromosome abnormalities, a decrease from the
existing 740 to 534 abnormalities.

If NIPD was extended to include testing for chromosomes 13
and 18 (in addition to Down syndrome), the number of other
abnormalities no longer detected would reduce from 231 to 155.
This would be an overall reduction in chromosome abnormal-
ities of 17%, from 740 to 610 (includes 25 extra cases of Down
syndrome). If sex chromosome abnormalities were also in-
cluded, the reduction in the number of abnormalities no longer
detected would reduce from 231 to 104, and an overall reduc-
tion of 11%, from 740 to 661.

Invasive testing
Figure 1 also shows that with the NIPD pathways, the num-

ber of invasive tests would have reduced from the existing 8186
to 1290, a reduction of 84%. The 1290 invasive procedures
comprise 77 carrier parent referrals, 355 Down syndrome con-
firmations after NIPD, and 858 abnormal ultrasound referrals.
Based on current detection rates, the 858 abnormal ultrasound
referrals represent the minimum number of referrals for CVS
and amniocentesis. The proportion of abnormal karyotype re-
sults with existing testing is 740 of 8186 (9%), rising to 534 of
1290 (41%) with these NIPD pathways.

If testing for trisomy 13 and trisomy 18 were included in a
NIPD panel, and confirmatory invasive testing of abnormal
results were required, there would have been an additional 76
invasive procedures, taking the total to 1366. If sex chromo-
some aneuploidy was also included with abnormal confirmatory

invasive testing, there would have been a total of 1417 invasive
procedures, a reduction of 83%.

DISCUSSION

The major strength of this study is that we have based our
analysis on actual population-based data to explore the different
types of chromosome abnormalities that will no longer be
detected by NIPD. Our results show that implementation of
NIPD for Down syndrome, as a replacement for Down syn-
drome serum screening tests, will have a significant impact on
the prenatal detection of chromosome abnormalities and the
number of invasive procedures. Although there are still uncer-
tainties about how NIPD will be implemented, our analysis
provides a basis from which different implementation strategies
can be considered to ensure that the advantages of current
practices are balanced against the advantages of potential new
strategies. We have shown that in our population, if NIPD had
been introduced in 2006 and 2007, the detection of Down
syndrome would have increased by a relatively modest 7%, with
a much greater benefit being the 84% reduction in invasive
procedures. We have also shown that NIPD for Down syndrome
would have resulted in a 28% reduction in the detection of all
chromosome abnormalities. Specifically, there would have been
a 56% reduction in the detection of non-Down syndrome chro-
mosome abnormalities.

These results highlight the main benefit of NIPD in terms of
the anticipated reduction in the number of invasive procedures.
This will be welcomed by many pregnant women, who cur-
rently experience anxiety and stress associated with weighing

Fig. 3. Comparing chromosome abnormalities detected between existing testing pathways and NIPD.
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their risk of a Down syndrome pregnancy against the risks of
miscarriage with invasive testing.20,21 However, this benefit
must also be considered in the context of the predicted small
increase in the detection of Down syndrome and the large
reduction in the detection of non-Down syndrome chromosome
abnormalities.

The clinical outcome of these abnormalities varies: the 40%
that are autosomal trisomies or polyploidy typically result in
miscarriage, stillbirth, or neonatal death; sex chromosome ab-
normalities (22%) will vary in severity, with some compatible
with normal health and lifespan and others leading to develop-
mental and reproductive problems22; unbalanced chromosome
rearrangements and mosaics (22%) are more likely to result in
the birth and long-term survival of a child with a disability23;
and apparently balanced chromosome rearrangements (16%)
are unlikely to lead to health problems in the child but may have
implications for the future reproductive risks for the parents and
the child.24 The importance for women of these clinical out-
comes is unknown.

Some pregnancies with chromosome abnormalities that are
missed by NIPD will have fetal structural abnormalities detect-
able on ultrasound. It is expected that in a proportion of these
pregnancies, the detection of fetal abnormality will trigger am-
niocentesis, resulting in diagnosis of the chromosome abnor-
mality. However, determining the number of abnormalities that
will be diagnosed by this pathway is not possible with current
data. In particular, we do not know the proportion of pregnan-
cies that will have detectable structural abnormalities. A recent
review of second trimester ultrasound markers for fetal aneu-
ploidy suggests that many will not have significant findings,25

and even in high-risk populations only one third of chromosome
abnormalities may be detectable by ultrasound.26 The compe-
tency of the ultrasonologist and the equipment used will also
affect the results. The other unknown factor is the proportion of
women who will elect to have amniocentesis following the
ultrasound detection of a structural abnormality, particularly in
the setting of a previous normal NIPD test.

The importance to pregnant women of diagnosing non-Down
syndrome chromosome abnormalities has been explored in the
context of offering targeted molecular testing for chromosomes
13, 18, 21, X and Y (aneuploidy screening), instead of karyo-
typing on invasive specimens.27–30 The results are inconsistent,
indicating that attitudes of pregnant women may be highly
variable. Of particular relevance to NIPD for Down syndrome,
one study showed that neither health professionals nor women
were in favor of a test for Down syndrome alone.27

With the inclusion of trisomy 13, trisomy 18, and sex chro-
mosome aneuploidy in a NIPD panel, the number of missed
abnormalities would decrease from 28–11% of current abnor-
malities detected. This would not be at the expense of the large
reduction in invasive procedures that would only change
slightly from an 84% reduction with NIPD for Down syndrome
to 83% with an aneuploidy panel. This is a benefit worth
considering.

Women have shown an overall positive attitude toward the
introduction of NIPD, but this may be in the absence of an
informed understanding of the consequences and choices they
may be confronted with.31 Women preferring to receive results
for targeted NIPD testing may see the removal of the perceived
uncertainty and difficulty in counseling and decision making for
unexpected abnormalities as a benefit.32 Other women may have
a need to maximize their information seeking and will choose
invasive testing. Undoubtedly, all stakeholders should par-
ticipate in deciding what tests are available and how both

management and counseling of pregnant women should be
addressed.12,32,33

A limitation of this study is the need to make certain assump-
tions about NIPD to predict its impact. These assumptions relate
to the robustness and accuracy of the test, and the choices that
women will make if NIPD replaces screening tests, especially
with regard to women currently having no testing and continu-
ing to have no testing. There are four groups of women cur-
rently not having invasive prenatal testing who may choose
NIPD: those that do not want invasive testing, those that present
too late in pregnancy, those that miscarry before testing but had
intended to be tested, and those not offered testing. Some of
these pregnancies will be chromosomally abnormal, including
Down syndrome pregnancies, which would increase the number
of additional Down syndrome detected with NIPD. However, it
would not affect the reduction in the proportion of non-Down
syndrome abnormalities detected.

Another limitation is that our results reflect existing prenatal
practices in Victoria, where 33% of invasive procedures are
CVS that detects a higher rate of chromosome abnormalities.
Other settings with different prenatal practices will also expe-
rience a reduction in the number of non-Down syndrome ab-
normalities detected, although the actual numbers may differ
from ours.

In conclusion, our results predict that the implementation of
NIPD for Down syndrome will lead to a major reduction in the
number of invasive procedures but will only detect a small number
of additional Down syndrome pregnancies compared with the
current Down syndrome screening and diagnostic testing pro-
grams. NIPD will also lead to a reduction in the detection of
non-Down syndrome chromosome abnormalities. The number not
detected would be reduced if other aneuploidies are included in an
NIPD panel. Our data, showing the effects of two possible imple-
mentation strategies for NIPD for chromosome abnormalities, pro-
vide a platform for continuing informed discussion to take place to
address the relevance and significance of these non-Down syn-
drome abnormalities for all stakeholders, especially pregnant
women, before any implementation of NIPD.
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