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Abstract
Objective: To examine the clinical implementation of chromosome-selective sequencing of cell-free DNA (cfDNA) in
maternal blood and an algorithm that relies on the lower
fetal fraction contribution of the 2 fetuses in the assessment
of risk for trisomies in twin pregnancies. Methods: Risk for
trisomies 21, 18 and 13 by cfDNA testing were estimated in
stored plasma samples obtained at 11–13 weeks’ gestation
from 207 pregnancies with known outcome and prospectively in 68 twin pregnancies undergoing screening at 10–13
weeks. Results: Risk scores for trisomies were provided for
192 (92.8%) of stored plasma and for 63 (92.6%) of the prospective cases. In the retrospective study, 10 of 11 trisomic
pregnancies were correctly identified with no false positive
results. In the prospective study, 3 trisomic pregnancies
were correctly identified with no false positive results. The
median of the lower fetal fraction in the prospective study of
twins was 7.4% (IQR range 5.9–10.0%), which was lower than
in our previous study in singletons (median 10.0%, IQR 7.8–
13.0%). Conclusions: cfDNA testing in twins is feasible but
the reporting rate of results is lower than in singletons due
to a lower fetal fraction.
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Introduction

In singleton pregnancies, cell-free DNA (cfDNA) testing in maternal blood can detect about 99% of cases
of trisomy 21, about 97% of trisomy 18 and 92% of trisomy 13, with respective false positive rates of <0.1, <0.2
and 0.2% [1]. In cfDNA testing the ability to detect the
small increase in the amount of a given chromosome in
maternal plasma in a trisomic compared to a disomic
pregnancy is directly related to the relative proportion of
the fetal to maternal origin of the cfDNA. When the fetal
fraction is low, it is more difficult to discriminate between
aneuploid and euploid pregnancies and a minimum fraction of about 4% is currently necessary for accurate
cfDNA analysis [2–6].
In twin pregnancies, cfDNA testing is more complex
than in singleton pregnancies because the 2 fetuses
could be either monozygotic, which are therefore genetically identical, or dizygotic, in which case only 1 fetus is likely to have aneuploidy when present. There is
evidence that in dizygotic twins each fetus can contribute different amounts of cfDNA into the maternal circulation, which could vary by nearly twofold [7, 8]. It is
therefore possible that in a dizygotic twin pregnancy
discordant for aneuploidy, the fetal fraction of the affected fetus is below the threshold of 4% for successful
cfDNA testing. This could lead to an erroneous result of
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Methods
Maternal blood cfDNA testing was undertaken in two groups
of twin pregnancies: in the first group retrospectively and in the
second prospectively. In both groups, gestational age was determined from the measurement of the crown-rump length (CRL) of
the larger twin and chorionicity was determined by examining the
inter-twin membrane at its junction with the placenta [10, 11].
Maternal characteristics recorded were age, racial origin, smoking
status during pregnancy, method of conception and weight, which
was measured at the time of screening.
Study on Stored Plasma Samples
We had 207 stored plasma samples obtained at 11–13 weeks’
gestation from twin pregnancies undergoing first-trimester
screening for trisomies by a combination of fetal nuchal translucency thickness (NT) and maternal serum-free β-human chorionic gonadotropin (β-hCG) and pregnancy-associated plasma
protein-A (PAPP-A) [12–14]. Blood samples were collected in ethylenediaminetetraacetic acid (EDTA) BD VacutainerTM tubes
(Becton Dickinson UK Ltd, Oxford, UK) and within 15 min of collection they were centrifuged at 2,000 g for 10 min to separate plasma from packed cells and subsequently at 16,000 g for 10 min to
further separate cell debris. Plasma samples were divided into 0.5ml aliquots in separate Eppendorf tubes which were labelled with
a unique patient identifier and stored at –80 ° C until subsequent
analysis. All patients were recruited at Kings’ College Hospital in
London and they gave written informed consent to provide samples for research which was approved by the NHS Research Ethics
Committee.
Prospective Study
This consisted of 68 twin pregnancies undergoing prospective
screening for trisomies 21, 18 and 13 by cfDNA testing at the Fetal
Medicine Centre in London, between March and October 2013.
The patients attended the clinic at 10–13 weeks’ gestation, received pre-test counselling [15] and provided written consent for
cfDNA testing. Maternal blood (20 ml) was collected in Streck
cfDNA BCTTM tubes. In all cases the combined test was also carried out either in the same visit, if the gestational age was 11–13
weeks, or in a subsequent visit for those presenting during the
10th week.
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Analysis of Samples
Stored plasma samples (2 ml/patient) and prospectively collected blood samples (20 ml/patient) were sent without any further processing via courier to the USA for cfDNA testing (HarmonyTM Prenatal Test; Ariosa Diagnostics, Inc., San Jose, Calif.,
USA). The information given to the laboratory for each case was:
patient-unique identifier, maternal age, maternal weight, method
of conception and date of blood collection, but not fetal karyotype.
cfDNA was extracted from the maternal plasma or blood samples and chromosome-selective sequencing with digital analysis of
selected regions (DANSRTM) was carried out as in singleton pregnancies [16]. However, in the assessment of risk for trisomies the
fetal-fraction optimized risk of trisomy evaluation (FORTETM) algorithm used for singletons was modified so that the smallest fetal
fraction contribution of the 2 fetuses was considered [9]. Risk
scores for trisomy 21, 18 and 13 were provided as a percentage with
ranges capped at >99 and <0.01%.

Results

Study on Stored Plasma Samples
The characteristics of the study population are summarized in table 1. This group included 193 twin pregnancies with euploid fetuses (109 dichorionic and 84
monochorionic), 10 with trisomy 21 (8 dichorionic and
discordant for aneuploidy, 1 dichorionic concordant for
aneuploidy and 1 monochorionic), 1 with trisomy 18 and
3 with trisomy 13 (all 4 dichorionic and discordant for
aneuploidy).
Risk scores for trisomies 21, 18 and 13 by cfDNA testing were provided for 192 (92.8%) of the 207 samples (table 2). In 15 dichorionic twin cases, including 1 case of
trisomy 18 and 2 of trisomy 13, no result was provided
either due to low fetal fraction (n = 11) or laboratory processing issues (n = 4).
In all 181 euploid cases with a result, the risk score for
each trisomy was less than 1: 10,000 (table 2). In all 10
cases of trisomy 21, the risk scores for trisomies 18 and 13
were less than 1:10,000 and the score for trisomy 21 was
>99% in 8, 72% in 1 and 1:714 in 1; the last case had the
lowest fetal fraction of all the trisomy 21 cases at 5.3%. In
the 1 case of trisomy 13 with a result, the risk score for
trisomy 13 was >99% and the scores for trisomies 21 and
18 were less than 1:10,000.
In the dichorionc twin pregnancy with 1 trisomy 21
and 1 euploid fetus where the cfDNA test risk score was
1:714, the maternal age was 38 years, serum-free β-hCG
was 2.809 multiples of the median (MoM) and PAPP-A
was 0.748 MoM, and the NT thickness was 8.6 mm for the
trisomic and 2.5 mm for the euploid fetus. The risks from
the combined test were 1:2 and 1:13, respectively.
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low risk for aneuploidy because a high contribution
from the disomic co-twin could result in a satisfactory
total fetal fraction. To avoid this potential mistake it was
proposed that in cfDNA testing in twin pregnancies the
lower fetal fraction of the 2 fetuses, rather than the total,
should be estimated in the assessment of risk for aneuploidies [9].
The objective of this study is to examine the clinical
implementation of chromosome-selective sequencing
and an algorithm that relies on the lower fetal fraction of
the twins [9] in the assessment of risk for trisomies in twin
pregnancies at 10–13 weeks’ gestation.

Table 1. Characteristics of the study population for cfDNA testing of stored maternal plasma samples

Characteristic

Euploid
(n = 193)

Trisomy 21
(n = 10)

Trisomy 18
(n = 1)

Trisomy 13
(n = 3)

Maternal age, years
Maternal weight, kg
Racial origin
Caucasian
Afro-Caribbean
South Asian
East Asian
Mixed
Cigarette smoker
Mode of conception
Spontaneous
Assisted
Gestational age, days
CRL of the larger fetus, mm
Nuchal translucency, mm
PAPP-A MoM
Free β-hCG MoM
Fetal fraction, %

33.6 (29.0 – 36.6)
67.0 (60.5 – 78.0)

36.7 (34.2 – 37.9)
69.5 (62.5 – 73.2)

41.0
65.0

28.3 (26.7 – 34.5)
71.0 (65.5 – 78.4)

135 (69.9)
48 (24.9)
0
1 (0.5)
9 (4.7)
13 (6.7)

8 (80.0)
1 (10.0)
1 (10.0)
0
0
0

105 (54.4)
88 (45.6)
91 (88 – 94)
67.0 (60.5 – 74.3)
1.9 (1.7 – 2.2)
0.96 (0.71 – 1.38)
1.09 (0.72 – 1.57)
9.8 (7.4 – 12.1)

5 (50.0)
5 (50.0)
90 (87 – 93)
65.0 (60.0 – 72.2)
4.5 (3.4 – 6.4)
0.68 (0.31 – 0.88)
2.32 (1.53 – 3.25)
10.8 (6.8 – 12.1)

1 (100.0)
0
0
0
0
0
0
1 (100.0)
89
62.8
3.1
0.03
0.04
–

1 (33.3)
0
0
0
2
0
1 (33.3)
2 (66.7)
96 (94 – 97)
78.2 (74.3 – 81.0)
3.7 (3.0 – 4.5)
0.88 (0.81 – 0.95)
0.83 (0.62 – 1.02)
7

Values are median (IQR) or n (%).

Table 2. Risk scores for trisomies by cfDNA testing of maternal plasma in mono- and dichorionic twin pregnancies

Monochorionic euploid (n = 84)
Dichorionic euploid (n = 109)
Monochorionic trisomy 21 (n = 1)
Dichorionic concordant trisomy 21 (n = 1)
Dichorionic discordant trisomy 21 (n = 8)
Dichorionic discordant trisomy 18 (n = 1)
Dichorionic discordant trisomy 13 (n = 3)

Risk score from cfDNA testing
n

trisomy 21

trisomy 18

trisomy 13

84
97
1
1
6
1
1
0
1

<1:10,000
<1:10,000
>99%
>99%
>99%
72%
1:714

<1:10,000
<1:10,000
<1:10,000
<1:10,000
<1:10,000
<1:10,000
<1:10,000

<1:10,000
<1:10,000
<1:10,000
<1:10,000
<1:10,000
<1:10,000
<1:10,000

<1:10,000

<1:10,000

>99%

Prospective Study
The median maternal age of the study population was
37.2 (range 30.2–47.7) years, and 53 (77.9%) were 35
years or older. The median maternal weight was 64.2
(47.0–95.7) kg. The racial origin of the women was Caucasian in 57 (83.8%), South Asian in 7 (10.3%), East Asian
in 3 (4.4%) and Afro-Caribbean in 1 (1.5%). Conception
was spontaneous in 22 (32.4%) and by in vitro fertilization in 46 (67.6%). There were 16 monochorionic and 52
dichorionic pregnancies and the median gestational age
at cfDNA testing was 10.6 (range 10.0–13.9) weeks.

In the dichorionic twin pregnancies the combined test
of maternal age, fetal NT and serum-free β-hCG and
PAPP-A provided a risk for trisomy 21 and trisomies 18
or 13 for each fetus, whereas in monochorionic pregnancies the average risk for the 2 fetuses was provided [11–
14]. The risk for the 3 trisomies (highest of the 2 fetuses
in dichorionic twins and average in monochorionic
twins) was 1:100 or higher in 18 (26.5%) of the 68 pregnancies (fig. 1). This is the cut-off considered by the UK
National Screening Committee for classifying pregnancies as high risk.
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Fig. 1. Estimated risk for trisomies 21, 18 or 13 in the pregnancies with trisomy 21 (red circle), trisomy 18 (green circle) and assumed

euploid (black circle) fetuses by the combined test (left) and maternal blood cfDNA test (right).

cfDNA testing, 68

No result, 9 (13.2%)

Result, 59 (86.8%)

No result, 5
Fig. 2. Flow chart of prospective screening
for trisomies 21, 18 or 13 in twin pregnancies by cfDNA testing in maternal blood.

The median time interval between blood sampling
and arrival of the samples to the laboratory for cfDNA
testing was 2 (range 1–5) days and the interval between
blood sampling and receiving results was 10 (range 7–16)
days with 97.1% (66 of 68) being available within 14 days
from sampling. The median lower fetal fraction was 7.4%
(IQR 5.9–10.0%).
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Result, 4

Trisomy 21, 2

No trisomy, 4

Trisomy 18, 1

Risk scores from cfDNA testing were provided for 59
(86.8%) of the 68 cases (fig. 2) on the first blood draw. In
9 cases, including 8 dichorionic and 1 monochorionic, no
result was provided because of low fetal fraction. In these
9 cases a further blood sample was obtained and a risk
score was provided in 4. Therefore, cfDNA results were
provided for a total of 63 (92.6%) cases. In 60 of the 63
cases with a result, the risk score for each of the 3 trisoGil /Quezada /Bregant /Syngelaki /
Nicolaides
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No trisomy, 56

Redraw

ed for 93% of cases and the method correctly classified
11 of the 12 trisomic pregnancies with no false positive
results. In the prospective study, risk scores for trisomies
were provided for 92.6% of cases and the method correctly identified 3 trisomic pregnancies with no false positive results. The detection rate is uncertain until all pregnancies with a low-risk score have a pregnancy outcome.

Main Study Findings
This study demonstrates the feasibility of chromosome-selective sequencing of cfDNA in maternal blood
for the assessment of risk for fetal trisomies 21, 18 and 13
in twin pregnancies at 10–13 weeks’ gestation. In the
study of stored plasma samples, a risk score was provid-

Result Rate and Low Fetal Fraction
In the prospective study the rate of reporting results
from chromosome-selective sequencing of cfDNA in maternal blood was 86.8% and this was improved to 92.6%
after repeat sampling. These rates are considerably lower
than the respective values of 95 and 98% observed in singleton pregnancies at 10 weeks’ gestation using the same
method of sequencing [15].
The reason for the lower reporting rate in twins was
low fetal fraction and this is the inevitable consequence of
selecting the lower fetal fraction of the 2 fetuses, rather
than the total, in estimating the risk for aneuploidies [9].
The median of the lower fetal fraction in the prospective
study of twins was 7.4% (IQR 5.9–10.0%), which was lower than in our previous study in singletons (median 10.0%,
IQR 7.8–13.0%) [19]. The rationale for this choice is to
avoid a false negative result in a dizygotic twin pregnancy
discordant for aneuploidy where the total fetal fraction is
satisfactory but the contribution of the affected fetus
could be less than 4%.
In our study of stored plasma samples there was 1 case
of trisomy 21 with discordant cfDNA and invasive testing
results. This case had the lowest fetal fraction of all the
trisomy 21 pregnancies at 5.3% and it is the only case with
a cfDNA screen-negative result where the risk score was
1:714; in all other euploid cases in the retrospective study
and the presumed euploid cases in the prospective study
the risk score was less than 1:10,000. This case emphasizes the importance of knowing the fetal fraction in interpreting results from any cfDNA testing method because accurate counting of the incremental cfDNA fragments from the trisomic fetus, in both singletons and
twins, at low fetal fractions is reduced and thus differentiation between euploid and aneuploid is less clear. One
practical option that is likely to reduce the potential for a
false negative result from cfDNA testing is to rely on the
results of the combined test in deciding in favour or
against invasive testing when the fetal fraction is low and
the risk score from cfDNA testing is higher than 1:10,000.
Such cases are very uncommon and it is therefore unlikely that this policy would result in a significant increase in
the rate of invasive testing.
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mies 21, 18 and 13 was less than 1:10,000, in 2 the score
for trisomy 21 was >99% and the score for trisomies 18
and 13 was less than 1:10,000 and in 1 case the risk score
for trisomy 18 was 59% and the score for trisomies 21 and
13 was less than 1:10,000 (fig. 1).
The 60 pregnancies with risk scores for each trisomy
of less than 1:10,000 are continuing except one pregnancy
that has resulted in a live birth of a phenotypically normal
neonate. In the 3 high-risk pregnancies, invasive testing
was carried out and karyotyping confirmed the suspected
trisomy in 1 of the twins for all cases. In the case of trisomy 18 and 1 of the 2 with trisomy 21, chorionic villous
sampling was performed at 13 and 14 weeks, respectively,
followed by selective fetocide a few days later using ultrasound-guided injection of potassium chloride into the
heart of the affected fetus; these pregnancies are now continuing normally at 27 and 22 weeks, respectively. In the
second pregnancy with trisomy 21, cfDNA testing was
carried out at 13.4 weeks, the results were available at 14.7
weeks, amniocentesis was performed at 15 weeks and selective fetocide at 15.7 weeks. At 20 weeks there was preterm prelabor amniorrhexis and a few days later miscarriage of the whole pregnancy.
In the 3 cases with proven fetal aneuploidies, the risk
for trisomies 21, 18 or 13 by the combined test was 1:2,
1:8 and 1:121, respectively. In 2 of the 4 cases with no result from cfDNA testing, the risk from the combined test
was >1: 100 and in these cases invasive testing demonstrated normal fetal karyotype.
In our study population the expected number of pregnancies with trisomy 21, 18 or 13, in at least 1 of the fetuses, on the basis of the maternal age distribution and the
age-related risk for these trisomies at the 11- to 13-week
scan was 2.12 [17, 18]. The expected number on the basis
of the combined test was 2.7 [11–14], which is similar to
the observed number of 3. On the assumption that all
continuing pregnancies are normal, in the 63 cases with
a cfDNA test result there were 3 trisomic and 60 unaffected pregnancies. The false positive rates were 0% for
cfDNA testing and 23.3% (14 of 60) for the combined test.

Results of Previous Studies
Three previous studies of cfDNA testing in twins used
massively parallel shotgun sequencing to assess the risk
for trisomies 21, 18 and 13 [5, 20, 21]. The first study examined 5 twin pregnancies, 4 in a training set and 1 in a
test set, and correctly categorized the 2 with trisomy 21
fetuses (both in the training set) and the 3 with euploid
fetuses [5]. The second study examined stored plasma
samples from 25 twin pregnancies, including 17 with euploid fetuses, 5 discordant and 2 concordant for trisomy
21 and 1 discordant for trisomy 13, and correctly classified
all cases [20]. In the third study, cfDNA testing was carried
out prospectively in 12 twin pregnancies, including 11
with euploid fetuses and 1 discordant for trisomy 21, and
the correct classification was made in all cases [21].
Only one of the studies provided data on fetal fraction
[20]. The total fetal fraction was measured; it was assumed that the contribution of each fetus was equal and
it was estimated that each twin contributes about one
third less cfDNA in maternal blood than in a singleton
pregnancy. It was therefore suggested that reliable results
from cfDNA testing in a twin pregnancy discordant for
6
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trisomy necessitates that the minimum total fetal fraction
should be 6%, rather than the 4% used in singleton pregnancies [20].
Clinical Implications
In the last 20 years the rate of twinning has increased,
mainly due to the widespread use of assisted reproduction techniques and the increasing maternal age of the
population. For example, in the USA and Canada the
rates of twin live births increased from about 20 per 1,000
live births in 1991 to more than 30 in 2009 [22]. Most of
the increase relates to dizygotic twins with major implications in terms of screening and diagnosis of aneuploidies
and subsequent management of pregnancies discordant
for such aneuploidies.
In dizygotic pregnancies, the maternal age-related risk
for major trisomies for each twin may be the same as in
singleton pregnancies and therefore the chance that at
least 1 fetus is affected by a trisomy is twice as high as in
singleton pregnancies. Furthermore, since the rate of dizygotic twinning increases with maternal age the proportion of twin pregnancies with trisomies is higher than in
singleton pregnancies. Consequently, the proportion of
twin pregnancies that are screen-positive by the traditional methods of screening is considerably higher than
in singleton pregnancies.
The risk of miscarriage from invasive testing in twins
is likely to be higher than in singletons [23]. If the pregnancies are discordant for an aneuploidy and the parents
choose to have selective fetocide, the subsequent risk of
miscarriage or early preterm delivery increases with gestational age at fetocide [24]. The risks of miscarriage from
chorionic villus sampling and amniocentesis in twins are
similar [25]. It is therefore preferable that in twin pregnancies screening for aneuploidies, invasive testing and
when necessary selective fetocide are performed in the
first rather than during the second trimester.
There is extensive evidence that in singleton pregnancies cfDNA analysis in maternal blood can lead to the detection of about 99% of fetuses with trisomy 21 at a false
positive rate less than 0.1% and a no reporting rate of 2%
from testing at 10–13 weeks [1, 15]. The number of twin
pregnancies undergoing cfDNA analysis in this and
previous studies is too small to provide accurate assessment of the performance of the test. Nevertheless, it is
likely that the sensitivity will be high and the false positive
rate low. However, the high no reporting rate at first sampling is of major concern; this would shift the option of
prenatal diagnosis and selective fetocide from the first to
the second trimester with consequent increase in the rate
Gil /Quezada /Bregant /Syngelaki /
Nicolaides
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Comparison with the Combined Test
In our prospective study, most pregnancies are continuing and it is therefore not possible at present to assess
the sensitivity of the screening tests in identifying the trisomic fetuses. However, the observed number of affected
pregnancies is similar to that estimated from the maternal
age distribution of the study population and the results of
the combined test. On the assumption that there are no
fetuses with trisomy 21, 18 or 13 among the continuing
pregnancies, the combined test, at the recommended risk
cut-off of 1:100, identified 2 of the 3 affected pregnancies
and cfDNA testing detected all 3. Other major advantages of cfDNA testing, compared to the combined test,
highlighted by our study are firstly, reporting of results as
a very high or very low risk which makes it easier for parents to decide in favour or against invasive testing (fig. 1)
and secondly, a substantial reduction in the false positive
rate.
The patients attending the Fetal Medicine Centre were
self-referred and the high false positive rate of 23% from
the combined test is likely to be the consequence of the
high maternal age of the study population, with 78% being 35 years or older, and at least in some a high-risk result from prior screening by the combined test in their
own hospital. Two thirds of the pregnancies were conceived by in vitro fertilization and these women were reluctant to undergo invasive testing.

of miscarriage. This problem is exemplified by one of our
pregnancies discordant for trisomy 21 where selective fetocide at 15 weeks’ gestation was followed by miscarriage
at 20 weeks.
In twin pregnancies, the 11- to 13-week scan is essential for firstly, accurate determination of gestational age
from the CRL of the largest fetus, secondly, diagnosis of
major abnormalities that would allow for earlier and safer selective fetocide and thirdly, assessment of chorionicity which defines the risk for most pregnancy complications and therefore the subsequent management [26]. In
twin pregnancies, as in singletons, there are essentially
two options in the introduction of cfDNA testing in such
a way as to retain the advantages of the 11- to 13-week
scan [15, 27]. One option is to carry cfDNA testing in all
women at 10 weeks’ gestation followed by a scan at 12
weeks; in patients with a high-risk score from cfDNA testing, invasive diagnostic testing and selective fetocide can
be carried out in the first trimester. In cases with no result
from cfDNA testing, pregnancy management could be
based on the results of the combined test.

The alternative to universal screening by the cfDNA
test is a strategy of cfDNA testing contingent on the results of first-line screening by ultrasound and biochemical testing. This approach retains the major advantages of
cfDNA testing in increasing the detection rate of trisomies and decreasing the false positive rate, but at considerably lower cost than offering the test to the whole population [27]. The disadvantage of this approach, arising
from delay or failure to obtain a result, is the resultant
shift in diagnosis from the first to the second trimester.
This could be partly ameliorated by offering invasive testing when the estimated risk from the combined test is
very high and reserving cfDNA testing for the intermediate-risk group.
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