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Abstract
The objective of this review is to assess the evidence which supports the use
of non-invasive prenatal diagnosis (NIPD) in twin pregnancies. Through the
years, we have witnessed the technological developments in non-invasive
prenatal diagnosis attained new heights, but those studies were usually limited
in singleton pregnancies. As we known, twin pregnancies are at higher risk in
both aneuploidy and structural abnormalities. The first- and second- trimester
aneuploidy screening in twin gestations are less accurate than in singleton
gestations. And the invasive prenatal diagnosis in twin pregnancies is associated
with a high risk of pregnancy loss. So, it is urgent to develop accurate noninvasive prenatal diagnosis in twin pregnancies. Recent studies about different
terminology and methods in NIPD of twin pregnancies have been reported,
suggesting that non-invasive prenatal testing can be feasibly and reliably used
in twin pregnancies. In this article, we summarized the published literature
on non-invasive prenatal diagnosis in twin pregnancies in order to benefit our
clinical practice.
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Introduction
For more than 20 years, the published studies have described
the successful use of non-invasive methods to detect fetal
aneuploidy, fetal gender, single gene genetic disease, etc, in
singleton pregnancies [1,2]. Those methods have made great
progress from fetal nucleated cells to fetal genetic material in
maternal plasma [3]. The existence of fetal derived cell-free DNA
molecules in plasma of pregnant women was first demonstrated
in 1997, this finding provided a new way for noninvasive prenatal
diagnosis [4]. Because fetal cells could retain in maternal blood
for almost 27 years, while the fetal cell-free DNA could be rapidly
removed within a short period of time (2 hours postpartum), so
the prenatal diagnosis could not been affected by past pregnancy.
And the content of fetal cell-free DNA in maternal peripheral
blood was higher than fetal DNA in nucleated cells; its specific
sequences could be amplified and quantitatively analyzed by PCR,
which made the separation and enrichment of fetal source DNA
relatively simple [5-8].

Most recently, the discovery of fetal cell-free RNA in maternal
plasma opened a new era for non-invasive prenatal diagnosis.
Instead of fetal DNA, the cell-free RNA was shown to be feasible in
more research of NIPD for Down syndrome, Edwards syndrome
(trisomy 18) and other obstetric complications [9-13]. The
published studies suggested that the cell-free RNA coming from
placenta has a good stability in maternal blood and can be rapid
removed after delivery [2,8]. And the fetal cell-free RNA reflected
the gene expression, independence of gender and polymorphism
[14].
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Nowadays, those specific sequence detection in maternal
plasma had been used for the detection of paternally inherited
traits and the chromosome aneuploidy, identification of fetal
gender or rhesus D status and single gene genetic disease
[1,15]. And the changes in free DNA or RNA levels could also
be used for pregnancy related diseases such as preeclampsia,
premature delivery and fetal growth restriction [1]. Non-invasive
prenatal diagnosis reduced the fetal loss, intrauterine infection
rate, and the use of invasive test. However, there was still some
limitation about failure rates and risk factors for failed NIPT on
singleton pregnancies. There is also still limited evidence about
the performance of NIPT as a test in twin or triplet pregnancies
[16]. With the increased incidence of twin pregnancies, accurate
and fast non-invasive prenatal diagnoses in twin gestations are
urgently needed.

Ultrasonography in Prenatal Diagnosis of Twin
Gestations

Ultrasound examination played a very important role in
twin pregnancies, which could determine the chorionicity,
verify the gestational weeks and screen for fetal anomalies by
measure fetal nuchal translucency (NT) in the early trimester
[17-19]. Chorionicity of twin pregnancy had a major impact on
the outcome of twin pregnancies, and it was closely related with
the prenatal diagnosis of chromosome aneuploidy abnormality
[19,20]. According to the sign of placenta from the joint observed
by ultrasonography in 11-13+6 weeks of twin pregnancies,
dichorionic twin can be diagnosed with the “Lambda” sign; while
the monochorionic twin with the “T” sign. At the same gestational
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week, NT was also a significant index for screening the fetal
chromosomal aneuploidy abnormalities. Because NT could be
determined separately for each fetus of twin and its distribution
did not show significant difference between twins and singletons,
NT measurement combined with maternal age has been used
for prenatal aneuploidy screening in twins with the sensitivity
of 75% [21]. However, the prevalence of increased NT was
higher in women with monochorionic pregnancies than in those
with dichorionic pregnancies, suggesting that increased NT in
monochorionic twins may be an early manifestation of the twin–
twin transfusion syndrome [22]. Therefore, the aneuploidy risk
calculated by NT should be adjusted in monochorionic twins [19].
In the second trimester, ultrasound scanning usually can find
structural fetal anomalies, such as cardiac malformation, and
neural tube malformation (NTD). It have been noticed that the
soft marker could help to detect fetal chromosomal aneuploidy
by the ultrasound screening. For example, the soft markers, like
the thickening of the nuchal skinfold, the absent of nasal bone,
brachycephaly, flat forehead, short eared, short humerus, and
the soft marker can be found in Down syndrome fetus [23].
Unfortunately, there were few data about the accuracy in twins.

In addition, obstetric ultrasound are very important for both
singleton and multiple gestations throughout the whole pregnancy,
including placental evaluation, cervical length assessment, routine
fetal growth, and serial surveillance of pregnancies complications,
cervical shortening, fetal growth disturbances, and amniotic fluid
abnormalities [24-26].

Maternal Serum Screening for Aneuploidy in Twins

In twin pregnancies, the second trimester maternal serum
screening for aneuploidy was more completed difficult.
Theoretically, the serum marker levels in twins should be twice
those found in singleton pregnancies, and twin pregnancies
should have double risk for aneuploidy. However, more and more
recent studies found that the risk of aneuploidy in monochorionic
twins appeared similar to that in singleton pregnancies [18,23,27].
And they also found that there were wide variations of the serum
marker in twins, the distribution of serum markers in twin
pregnancies was unknown. In addition, the serum biochemistry
that related to the entire pregnancy could not be identified in
which individual fetus to the analyses values [28]. Thus, the
Clinical Practice Guideline in 2007 indexed that the first trimester
NT combined with maternal age might be the optimal way to
assess Down syndrome risk in patients with a multiple pregnancy.
Only if NT screening was not available or had been missed because
of the late diagnosis of a twin pregnancy (after 14 weeks), the
second trimester maternal serum screening might be considered
in twins [21]. Nevertheless, a recent report has been published
about the benefit of first-trimester combined risk assessment of
free beta-human chorionic gonadotrophin (β-hCG), pregnancyassociated plasma protein A(PAPP-A) and nuchal translucency
for Down syndrome in twin pregnancies [29]. To date, it has
been suggested that the first-trimester combined test in twins
for Down syndrome had a high detection rate and an acceptable
false-positive rate which was 5.7% and 4.4% in dichorionic and
monochorionic twins, respectively.
For decades, the fetal ultrasound assessment and the
measurement of maternal serum markers have been implemented
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effectively in Down syndrome prenatal screening programs.
However, because the gestational age must be taken into account,
the time limitation limited the use of ultrasound diagnosis and
serum screening in multiple pregnancies. With this combined
measurement 3%~5% of screened women were still identified
as high-risk and needed to undergo invasive diagnosis such as
Amniocentesis (AC) or chorionic villus sampling (CVS), which
may lead to intrauterine infection or fetal loss [30].

Noninvasive Prenatal test for Fetal Gender in Twin
Pregnancies

It is well known that ultrasound scanning can help determine
fetal gender at the second trimester. But ultrasound assessment
of fetal sex has limited accuracy in the first trimester or usually
affected by the fetal position [31]. Since fetal cell-free DNA
in maternal plasm has been discovered, it has been widely
investigated in the field of non-invasive prenatal diagnosis. The
fetal cell-free DNA can also be used as a noninvasive method to
determinate the fetal sex without the limitation of gestational
age [32-34]. Mortarino et al. [34] demonstrated that fetal gender
determination in maternal plasma is reliable after the 9th week
of singleton gestation. However, the noninvasive prenatal test in
twin or multiple pregnancies was more complex and difficult.
Study of SRY-specific cell free fetal DNA (SRY-cffDNA) suggested
that the levels of SRY-cffDNA in maternal plasma of male twin
pregnancies were significantly increased compared to singleton
male pregnancies after 28 weeks [35]. Meanwhile, considering
the multicopy sequence such as DYS14 might be achieved a
greater sensitivity than the single-copy on the Y-chromosome,
Attilakos et al. [36] tested the plasma concentration of DYS14 in
singleton and twin pregnancies at 18-20 week pregnancies. Their
results shown that ffDNA concentration in two male pregnancies
were significantly higher than that with one male fetus. Recently,
Picchiassi et al. [37] detected the DYS14–ffDNA concentration
in multiple pregnancies between 11-14 weeks of gestation, and
they found it correctly predicted fetal gender, distinguishing
twin pregnancies with at least one male fetus with a diagnostic
accuracy of 100%.

Noninvasive Prenatal Determination of Twin Zygosity
by Maternal Plasma DNA Analysis

Determine the zygosity of the twin pregnancies can be
considered as a quality control step to the overall noninvasive
prenatal diagnosis of twins [38,39]. Ultrasound examination
could accurately determine chorionicity but not zygosity, the
maternal plasma DNA analysis could be used for screening the
zygosity instead [39,40]. In dichorionic twins the majority of
cases are dizygotic. And the monozygotic twins, can clinically
present as monochorionic twin, generally have a higher risk of
obstetric complications than dizygotic twins. But the dizygotic
twins need to be assessed individually, because the dizygotic
pregnancy was derived from two fertilized eggs and the fetal
DNA fraction was contributed by each individual twin member;
while the monozygotic twins could be assessed like singleton
pregnancies. When the monozygotic and dizygotic twins have
been distinguished, fetal fraction (FF) need to be further estimated
by polymorphic alleles using Y-chromosome sequences [40]. A
lower FF could lead to a false negative result of cfDNA and the
minimum fetal fraction required for aneuploidy assessment with
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current methods is 4% [41,42]. Accordingly, Struble’s et al. [40]
study showed that the median total FF was 14.0% in monozygotic
twins and the median was 7.9% in dizygotic twins [40].

Non-invasive
Prenatal
Diagnosis
for
Fetal
Chromosomal Aneuploidies by Sequencing of Maternal
Plasma DNA in Twin Pregnancies

Non-invasive prenatal testing (NITP) for fetal chromosomal
abnormalities in singleton pregnancies has enormously improved
by measuring fetal cell-free DNA in maternal plasma, which can
detect nearly all cases of Down syndrome with a very low falsepositive rate. According to the study of Palomaki et al. [43] Down
syndrome detection rate was 98.6%, and the false-positive rate
was 0.2% [43]. Subsequent research further reported that NIPT is
extremely reliable with sensitivities and specificities greater than
99% [44,45]. Moreover, with the non-invasive method, trisomy
18 and other chromosomal abnormalities also could be identified
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but the sensitivity was lower than Down syndrome [42,44,4647]. Most recently, few studies have focused on the non-invasive
prenatal diagnosis of twin or multiple pregnancies. The published
data (Table 1) shown that NITP of fetal chromosomal aneuploidy
for twin or multiple pregnancies could be achieved with the use
of sequencing of maternal plasma DNA [16,38,41,48-49]. Those
studies mostly used samples at 12 weeks’ gestation or beyond.
False-positive rate on cases before 12 weeks of gestation remained
unexplained. In general, the measurement was low false-positive
rate and related high detection rate as same as in singleton
pregnancies [42,44]. Because there was an overlap between the
fetal free DNA concentration levels of multiple pregnancies, so that
the affected fetus could not be easily identified. It was therefore
possible in the future to determine which of the two fetuses was
affected by NIPT [16]. Although the data from prospective studies
[34-39,44] has demonstrated that noninvasive determination of
zygosity and fetal sex may possibly offer assistance, the findings of
twin pregnancies need more confirmation in further researches.

Table 1: Published studies regarding measurement fetal DNA of maternal plasma for fetal chromosomal aneuploidies in twin or multiple pregnancies.
Author
(year)

Cases
no.

Test Methods

Gestational Age

Trisomy
21(n)

Trisomy
18(n)

Trisomy
13(n)

Falsepositive
Rate

Sensitivity and
Specificity

Canick JA et al.
[48] (2012)

25

DNA sequencing
of maternal
plasma

Secondary Pregnancy
(after 12 week of
gestation)

7

0

1

None

100%

Maternal plasma
DNA sequencing

11 to 36 weeks

1

1

Nd

Nd

Nd

Secondary Pregnancy

1

Nd

Nd

Nd

Both 100 %

10 to 13 weeks

10

1

3

None

> 99%

Nd

T21: both 100%
T18: 50%
and 100%,
respectively

Leung TY et al.
[38] (2012)

Lau TK et al. [49]
(2013)

del Mar Gil M et al.
[41] (2013)
Huang X et al. [16]
(2014)

8
12

MPS of cell-free
DNA

68

Sequencing of
cell-free DNA in
maternal blood

189

MPS of maternal
plasma DNA

13 to 28 weeks

9

1

Nd

MPS: Massively Parallel Sequencing; None: no false positive results; Nd: Not Described; T21: Trisomy 21; T18: Trisomy 18

Noninvasive Approaches to Prenatal Diagnosis of
Pregnancy Complications

Maternal serum analyzing is a noninvasive test of placental
biochemical function. In the second and the third trimester, the
pregnancy complications with placental dysfunction such as
preeclampsia, fetal growth restriction and hemoglobinopathies,
can also be estimated by analyzing the fetal free DNA levels of
maternal plasma [49,50]. The fetal DNA not only increased with
gestational age, but also appeared different between the severe
placental dysfunction and milder [51]. The dysfunctional degree
most characterized by impaired trophoblastic invasion of the
maternal spiral arteries. The detection of free fetal DNA could be
a potential prognostic marker for placental dysfunction [52]. In
addition, the level of free fetal DNA also correlated with the degree

of placental injury which could predict the pregnancy outcome.
In the research of Wataganara et al. [53] fetal DNA in maternal
plasma was quantified by polymerase chain reaction amplification
of Y-chromosome sequence [53]. And the result suggested that
circulating fetal DNA could be derived from placental injury after
laser thermocoagulation for twin-twin transfusion syndrome
(TTTS), which can caused increased cell-free fetal DNA levels in
maternal plasma.

Circulating microRNAs in Maternal Plasma for Noninvasive Prenatal Diagnosis of Twins
As mentioned before, the fetal cell-free RNA in maternal
plasma may open a new way for non-invasive prenatal diagnosis.
It has more advantages than fetal cell-free DNA [2,14]. But till
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now, only a little study has been reported about the detection
of fetal cell-free RNA for twin or multiple pregnancies. In the
research of Ge et al. [54], they found that several circulating
micro RNAs in maternal plasma were validated that remarkably
changed in twin pregnancy, and suggested that miRNAs might
involve the process of pregnancy such as the generation of twin
pregnancy, for instance, mir-451 might regulate the embryo cell
differentiation during embryogenesis of twin pregnancy. Their
data also suggested the specific miRNAs could act as potential
biomarkers for clinical diagnosis and the therapy of pregnancy
complications such as preeclampsia.

Conclusion

Ultimately, this review showed that NIPD for twin pregnancies
was necessary and feasible. Non-invasive prenatal testing could
be used to determinate zygosity, distinguish fetal gender, to detect
chromosomal abnormalities and other obstetric complications
in twin pregnancies. However, till now, there were only a few
convictive studies on fetal chromosomal aneuploidy of twin or
multiple gestations by testing maternal plasma fetal cell-free
nucleotide as that in singleton pregnancies. Further more studies
are required.
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