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Abstract: Prenatal screening and testing for trisomy 21 in twin pregnancies poses a
number of challenges: the exact estimate of the a priori risk of trisomy 21, the choice of
prenatal screening test and/or invasive techniques to employ for the diagnosis and the
impact of the result on the options of treatment in case of discordant results within a twin
pair or among multiples. These different aspects are discussed below while recognizing

that many issues remain unresolved.

Keywords: twins; screening; invasive diagnosis; therapy

1. Introduction

In twin pregnancies, the entire course of prenatal genetic screening and diagnosis poses a number
of unusual concerns, and screening is rather more complicated than in singleton pregnancies [1,2].

Prenatal testing for trisomy 21 in twins implies a higher frequency of adverse neonatal outcomes,
particularly due to the increased rate of preterm births. The future parents involved in such pregnancies,
however, are generally predisposed to increased psychological optimism [3,4].

Despite the increased frequency of twin pregnancies and the intensified interest in the prenatal
diagnosis of multiple gestations in recent years, many considerable challenges remain.

The first challenge is to establish the exact estimate of the a priori risk of trisomy 21, followed by
the determination of which prenatal screening test to use and which invasive techniques to employ for
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the diagnosis, as well as the impact of the possible result. There are a number of possible treatment
options available in the case of discordant results within a pair of twins or among multiples.

2. Estimate of the a Priori Risk
2.1. Making the Diagnosis of Twin Pregnancy

It is crucial to recognise the twin or multiple pregnancy as early as possible to prepare for the
subsequent course of tests and diagnoses. The early diagnosis of multiple gestations is far from
accurate, and it has been reported that at least 40% of twin pregnancies are not recognised until 13
weeks of gestation [5].

The major errors in screening and diagnosis can include the underestimation of an ongoing twin
pregnancy (“the appearing twin”) or the misdiagnosis of an ongoing singleton pregnancy as one that
started as a twin pregnancy or more (“the vanishing twin” phenomenon) [6,7].

Gestational sacs can be visualised by transvaginal ultrasound at 35 days after the last menstruation
in 95% of cases, whereas foetal cardiac activity can be visualised at 44 days [8]. The visualisation of
more than one yolk sac inside the gestational sac enables us to accurately define the pregnancy as multiple.
Amniotic membranes are detectable by 7.0 weeks [9,10]. The close monitoring of biochemical markers
of pregnancies achieved by ART often leads to the early suspicion of a multiple pregnancy even when
multiple gestational sacs are not yet detectable, as the mean beta-hCG value in multiple gestations is
significantly higher than that in singleton pregnancies [11].

Underestimating the number of foetuses occurs frequently, particularly if relying on an early
assessment. A scan performed as early as 5.0-5.9 weeks may undercount the number of embryos; in
one study, 24 (11%) of 213 dichorionic twin gestations were initially undercounted as singletons, as
were six (86%) of seven monochorionic twin gestations, with respect to scans performed at 6.0 weeks
or beyond in which an “appearing twin” was detected [6]. In a recent series of 48 monochorionic twin
pairs for whom the earliest scan was not performed until 11.0 weeks, undercounting occurred in 18 of
48 (37.5%) cases [12]. Monochorionic twin pregnancies occur relatively less frequently and are less
expected; together with the appearance of the amnion inside the gestational sac after 7.0 weeks, this
may explain the tendency towards a relatively higher underestimate of monochorionic pregnancies.
However, the finding of an “appearing foetus” in a monochorionic pregnancy may correlate to a
“higher risk” for the pregnancy and predict cases at higher risk for major pregnancy complications
within this class of pregnancies [12].

The arrest of development and the subsequent reabsorption of an embryo may occur in early
gestational life and is termed “vanishing embryo” syndrome [13]. Regarding the frequency of this
phenomenon, very different figures are employed to define the pregnancy, with estimations based
per patient, per gestational sac, per embryo or cardiac activity [14]. If two sacs are identified
sonographically in the first trimester, the loss of one twin can be expected in 27.1% of pregnancies
achieved by assisted reproduction techniques (ART) and in 40.5% of spontaneous pregnancies [15]. If
two embryos have been detected, spontaneous embryo reduction has been reported to occur in 38% of
cases when the pregnancy was achieved by ART and in 7.3% of spontaneous pregnancies [15].
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In subsequent surveys, further aspects of the modality of achieving pregnancy have been explored
in relation to the outcome of pregnancies [16]. While the risk of fetal loss, extended preterm delivery
and neonatal/infant death is, generally, significantly higher among monochorionic twins rather than
dichorionic, the spontaneously conceived twins, either monochorionic or dichorionic, are more likely
to suffer a complicated outcome than twins resulting from the treatment of infertility [17].

The “vanishing twin” condition may have some implications for screening and invasive prenatal
diagnosis, and it is important to consider it, rather than leave it unrecognised.

If ultrasound screening shows that there is a second sac containing a non-viable foetus, an alteration
of the maternal biochemical markers many weeks later is possible [18,19], and this fact must be
considered in the screening of such a pregnancy continuing as a singleton.

Furthermore, the vanishing of an embryo has been suggested to explain the discordance between
chorionic villus karyotype and foetal phenotype [20]. The vanishing twin phenomenon has been used
to explain discrepant chromosome results [21]. It has also been suggested that the vanishing twin
phenomenon may be responsible for some cases of isoimmunisation during pregnancy in which a
rhesus-positive foetus disappears in a previously unsensitised rhesus-negative mother [15].

The “vanishing twin” phenomenon must also be considered when counselling patients to make
a decision about multifoetal pregnancy reduction (MFPR), regarding the timing of the procedure in
particular. Spontaneous reabsorption, which occurs earlier in gestation, may eliminate the need for
reduction in some cases. Given the low probability of spontaneous embryonic demise later in the first
trimester, however, the majority of procedures are performed at 10—13 weeks [22,23].

2.2. Making a Non-Invasive Prenatal Diagnosis of Monozygosity or Dizygosity

Procedures involving the direct collection of foetal cells are invasive, but they offer a definitive
prenatal assessment of zygosity. The routine non-invasive method used to prenatally discriminate
between monozygotic and dizygotic twins is ultrasound based. This method is non-invasive but also
non-definitive. Attention should be placed on the determination of chorionicity by first-trimester
ultrasound examination of the foetal placenta and membranes, by the identification of the “A” sign
(in dichorionic twins) and the “T” sign (in monochorionic twins) [24,25]. Approximately 80% of twin
pregnancies are dichorionic, of which approximately 10% are monozygotic, and the remaining 20%
are monochorionic. Monochorionicity may be considered a clear sign of monozygosity. Regarding
dichorionic twins, all the cases in which the foetuses are of different sexes can be assumed to be
dizygotic [26]. The diagnosis of foetal sex by ultrasound, while non-definitive, can be obtained with
good predictive success in the first trimester (at 14.0 weeks the success rate is about 90%) [27].

In dichorionic pregnancies that are the result of IVF-ET (in vitro fertilisation and embryo-transfer),
with foetuses showing the same sex, in the case of multiple embryo transfer (MET), the percentage
of dizygotic twins is very high, at 99.3% (monozygotic: 0.7%) [28]. By contrast, in the case of a single
embryo transfer (SET), the percentage of monozygotic twins must be 100% [28]. In spontaneous
dichorionic pregnancies with foetuses of the same sex, the percentage of dizygotic twins should be
calculated considering some maternal factors, such as age and ethnicity, as dizygotic pregnancies are
more frequent among older patients and Afro-Caribbeans.
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Recent studies using maternal plasma DNA sequencing have shown the possibility of the
non-invasive prenatal determination of twin zygosity [29,30].

2.3. How to Calculate the Risk of Trisomy 21

In singleton pregnancies, the foetal risk rate for trisomy 21 is usually based on the maternal age at
term and can be expressed at various times in pregnancy by correcting for the higher rate of
spontaneous loss of affected pregnancies.

In twin monozygotic pregnancies, the risk of both foetuses being affected is similar to the maternal-age
risk (i.e., 1 in X, where X is the risk related to maternal age), while the risk of only one foetus being
affected is virtually null. Therefore, in monozygotic pregnancies, the risk is per pregnancy.

In dizygotic pregnancies, the risk could be expressed per foetus and/or per pregnancy.

For dizygotic pregnancies, special algorithms for calculation have been formulated [31,32].

A considerable challenge is to quantify in real life the frequency of foetuses and new-borns with
trisomy 21 in twin pregnancies. For a long time, the custom has been to refer to the frequency of
trisomy 21 in singletons or to rely on complex probabilistic calculations.

In dizygotic pregnancies, traditional algorithms consider the foetal risk as the same as that for
maternal age (i.e., 1 in X), while the risk of both foetuses being affected as very low (i.e., 1 in X
multiplied by 1 in X, or 1 in X?). At the same time, in dizygotic pregnancies, the risk of only one
foetus being affected is considered approximately 2 times 1 in X (this is a high “pregnancy risk™), and
there is another possibility to consider, i.e., the risk of at least one foetus being affected (that is,
the sum of the probability of either having both foetuses affected or having one affected), which is
approximately 2 times 1 in X [32]. As a result of these calculations, the idea that the risk of trisomy 21 in
twin pregnancies is higher than that of a singleton pregnancy persisted for a long time (the risk at
age 31 was considered to be equal to that of a 35-year-old woman) [33]. More recently, considering the
difficulties in very accurately estimating the birth prevalence of trisomy 21 in twins because of its
assessment mode (during pregnancy, at birth or later) and the rate of intrauterine demise of affected
foetuses among twins, the actual frequency of trisomy 21 observed in new-borns has been considered
to be similar to the frequency in singletons or even lower [34,35]. A very recent population-based
study of the prevalence of the Down syndrome in multiple pregnancies from European registries has
shown the risk per foetus/baby to be lower in multiple than in singleton pregnancies (the relative risk
of Down syndrome babies, adjusted for maternal age, is 0.58 times in multiple births compared to
singleton ones) [36]. The analysis was next performed dividing the pregnancies in monozygotic and
dizygotic. The relative risk for monozygotic pregnancy was 0.34 times in comparison to singleton,
while for dizygotic pregnancies the relative risk of at least one co-twin being affected by Down
syndrome was 1.34 times compared to the risk of singleton pregnancies [36].

2.4. Dating the Pregnancy Discordance of Crown-Rump Length between Twins

The risk for trisomy based on the gestational age can be calculated according to the last menstrual
period or, if the dates do not correspond (and such a result is almost always followed with screenings
using biochemical markers), according to the gestational age derived from the Crown-Rump Length
(CRL). In a twin couple either monochorionic or dichorionic, there is evidence that the CRL of the
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two foetuses frequently does not exactly match, with the mean difference among CRLs being
approximately 3.4 mm, and the mean percentage difference of the bigger foetus being 5.1% of CRL.
In 95% of cases, the CRLs differ by less than 10 mm in length, or up to 15% of the greater length of
the foetus and 3—4 days of gestation [37]. This makes it difficult to date either mono- or dizygotic
pregnancies according to the CRL, as it would lead to having two foetuses with different gestational
ages within the same pregnancy. As the phenomenon of superfoetation in humans is assumed to be
very rare, although possible [38], it is agreed that in twin pregnancies, the gestational age is the same
for both foetuses. Therefore, the reference values obtained from singleton pregnancies are used for
dating twin pregnancies. Another issue to consider has been previously discussed [39]: If we must date
the pregnancy based on the CRL, in the case of discordant CRLs, which foetus should we choose for
the dating—the one with the greater CRL or the one with the smaller CRL? The earlier studies suggest
to date using the foetus with the greater CRL [40,41]. Furthermore, we must consider that a shorter
CRL in a twin pregnancy can be a sign of a chromosomal anomaly or malformation in that foetus, and
in any case, it is a negative prognostic sign [42,43].

However, another suggestion is to base the dating on the smaller twin after it has been revealed that
dating is more accurate if based on the smaller twin in ART pregnancies. The larger foetus is to be
used for dating only if the difference between the CRLs exceeds the 95th percentile [37].

3. Which Prenatal Screening Test Should be Used?

3.1. Nuchal Translucency in Twins. Different Management of Monochorionic and

Dichorionic Pregnancies

Many issues regarding the estimate of the a priori risk of trisomy 21 in a twin or multiple
pregnancy remain unresolved. Ultrasound and biochemical markers in pregnancy make the a priori
risk even harder to define.

Nuchal translucency (NT) measurement can be used for screening in twin and multiple pregnancies
because twin pregnancy foetuses with trisomy 21 may show a thickening of the NT. However, there
are many peculiarities that make the measurement of twin pregnancy NT rather complicated
and generally less accurate, with “accuracy” implying here the combination of the sensitivity and
specificity of the test. Monochorionic twins tend to have a higher percentage of increased translucency
compared to dichorionic twins, and the nuchal translucency thickness is, on average, significantly
higher [44,45]. This fact appears to be related to placental structure rather than zygosity. Many
placental connections are actually present in all pairs of monochorionic twins and can therefore have
an effect on first-trimester NT thickness. However, because there is no evidence of a higher incidence
of trisomy 21 in monochorionic twins, it is important to consider this phenomenon to avoid unnecessary
invasive procedures for verification [46]. Enlarged NT in monochorionic twins may instead indicate
heart defects, malformations, twin-to-twin transfusion or an early placental fluid imbalance without
subsequent complications [43,47-50].

Regarding the inter-twin NT difference in a twin couple, the bigger difference is observed in
monochorionic twins, followed by dichorionic dizygotic twins and, last, by dichorionic monozygotic
twins [46]. This distribution shows that the imbalance of placental fluids present in identical twins
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and the normal individual differences that are expected in the pairs of fraternal twins may underlie
this phenomenon.

As far as the integration of the NT value into the calculation of the trisomy 21 risk for
monochorionic twins is concerned, after the initial period in which the use of the thicker NT was
preferred [51], it became evident that the most effective screening method for trisomy 21 is using the
average NT measures of the two foetuses [41]. The average NT in this case is the arithmetic mean.
Another suggestion, which seems to better interpret the result, is to use the geometric mean [52],
although others use the average of the risk calculation in the two foetuses [53]. This issue still requires
a larger consensus.

Dichorionic twins are assumed to be dizygotic, and the individual NT is integrated in the background
risk. The most frequent practice is to calculate the risk per foetus and not per entire pregnancy. However,
a correlation between the NT of a pair of twins has been found, both in monochorionic and dichorionic
couples [28,46,54,55]. This information has some implications regarding the risk calculation in dizygotic
twin pregnancies, where the NT value of the co-twin should not be ignored. In fact, when both NT
values are increased in a pair of dizygotic twins, it is more likely that such an increase is rather the
expression of a familial tendency towards enlarged NT thickness rather than the rare occurrence of
a chromosomal abnormality of both foetuses, and this reduces its significance in modifying the
background risk for trisomy 21 in that pair of twins [56].

3.2. Other Ultrasound Markers in Twins

No differences regarding the possibility of assessment in monochorionic versus dichorionic couples
have been reported regarding the nasal bone and the possibility of using this parameter in multiples [57].
However, such assessment is relatively more difficult, and studies have described lower sensitivity
for aneuploidies among twins rather than in singletons [58].

Tricuspid valve regurgitation and ductus venosus are two markers for trisomy 21 that involve
evaluation of the foetal blood circulation. For the ductus venosus in dichorionic foetuses, the results
are similar to those of singleton foetuses [59].

In monochorionic foetuses, however, a possible imbalance in placental or foetal circulation may
affect these two markers, and the identification of foetuses with trisomy 21 may be less accurate.

A condition of temporary cardiac or placental imbalance, or early signs of twin-to-twin transfusion,
may present with a reverse a-wave in ductus venosus [48,59], whereas tricuspid regurgitation is more
frequent in foetuses with congenital heart defects, for which monochorionic pregnancies are typically
at higher risk.

3.3. Biochemical Markers in Twins. Different Management for Monochorionic and

Dichorionic Pregnancies

In singletons, free-beta hCG and PAPP-A are usually incorporated into a test that considers the risk
relative to maternal age, gestational age and NT thickness. In the management of the combined test,
it should be first established if the twin couple is dichorionic or monochorionic. Initially, not enough
data was available regarding certain biochemical serum markers in twin pregnancies with trisomy
21 and calculating the adjusted risk was difficult, therefore it was called “pseudo-risk” [60]. The
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concentrations of the biochemical markers in twin pregnancy are approximately twice those in
singletons because the biochemical data may be, in part, the expression of the placental volume.
However, in normal foetuses, there is a difference between the marker concentrations in the two types
of twins, as the free-beta and PAPP-A concentrations in dichorionic twins are approximately 2 MoMs
of individual normal singletons and approximately 1.5 MoMs of those in monochorionic twins [60—64].
Furthermore, studies performed in vivo that have assessed placental volume by 3D ultrasound did
not observe a substantial difference (measured by the VOCAL technique) between monochorionic and
dichorionic pregnancies, although a significant difference between single and twin pregnancies was
evident [65]. The scarcity of reference values for free beta-hCG and PAPP-A for twin pregnancies
affected by trisomy 21, either monochorionic or dichorionic/dizygotic, is an important issue, as the
majority of studies have been performed using reference values obtained from singleton pregnancies.

In the situation where both twins are affected (e.g., most monozygotic cases), it would be expected
that the alteration in serum analyte concentrations typically seen in affected singleton pregnancies
would be proportionately altered in the twin affected pregnancies. However, when only one of the two
foetuses is affected, the alteration in the serum marker concentrations would be less apparent.

The efficacy of serum screening in dizygotic twin pregnancies (where usually at most only one
foetus would be affected) would therefore be expected to be lower than that seen for singletons.

A further difficulty has been that there has been very little data available for the serum markers
in pregnancies where one or both foetuses are affected. It was expected that these affected pregnancy
serum marker concentrations are higher (because there are two foetal/placental sources contributing),
that they would be proportionate to that seen in singleton pregnancies, and that the affected medians
could therefore be estimated from the values seen in singleton pregnancies. For the purposes of calculating
risk using these estimated medians, two approaches are in use. The first adjusts the concentrations seen
in a twin pregnancy to those seen in a singleton pregnancy and computes a “pseudo-risk” based on
those values. The second approach directly computes the risk from the observed concentrations
relating them to those expected for twin pregnancies. The use of a pseudo-risk should limit the number
of false-positive results but does not provide a true calculation of risk [66].

Whichever method is used, it should be recognized that the screening is generally less effective in
twin pregnancies, it is based on scant data and assumptions for the generation of the statistical
parameters for affected pregnancies, and there are also uncertainties about the prior risk used in
the calculations.

Such an uncertain basis generates imprecision, and this is why extensive application in the routine
practice of the combined test in twin pregnancies, outside a study context, requires considerable caution.

In addition, it should be considered that a significant number of twin and multiple pregnancies
result from ART, which implies other major concerns regarding the use of biochemical markers,
although not excluding their use completely.

For this reason, there are some practice guidelines for the screening test for trisomy 21 in the first
trimester, while not excluding the combined test, it is generally emphasised that its efficiency is low
and that it is not as accurate as desired to enable patients to make appropriately informed decisions
about the pregnancy [67].

The combined test (because of the biochemistry) is not recommended for pregnancies with more
than two foetuses.
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3.4. Application of NIPT to Multiple Pregnancies

Non-Invasive Prenatal Testing (NIPT) by analysis of cell-free DNA (cfDNA) in maternal blood has
shown a high detection rate for trisomy 21 among other frequent autosomal trisomies in an unselected
population of first trimester singleton pregnancies [64]. The possibility of applying the NIPT to twin
pregnancies is a topic addressed only very recently. The initial results indicate the ability of this
method to distinguish cases with affected foetuses in twin pregnancies [68,69].

A distinction between monozygotic and dizygotic pregnancies should be made as well.
In monozygotic pregnancies, where the twins have identical genomes, the NIPT is practiced as in
pregnancies with singleton foetuses and appears to be better than or at least as efficient as in singletons.

For pregnancies with dizygotic twins, different problems may arise instead. The two foetuses,
which are not identical and may be discordant for aneuploidy, may release different amounts of foetal
DNA into the maternal blood, and the test might therefore be inaccurate if the amount produced by the
affected foetus is too low. In a dizygotic pregnancy discordant for trisomy, if the foetal fraction of
the affected foetus is below 4%, which is the percentage requested in a singleton pregnancy to detect
aneuploidy, the results may incorrectly indicate a low risk. Therefore, to obtain a reliable diagnosis in
a dizygotic pregnancy, it has been proposed that the lower fraction of the two foetuses should be
estimated in the assessment of the risk of aneuploidy rather than the total foetal fraction. NIPT in the
first trimester screening can be offered either to all patients at 10 weeks and then followed by the
nuchal translucency scan at 12 weeks or as a part of a contingent strategy after receiving the result of
the first-line screening [70,71].

4. Invasive Diagnosis

Invasive procedures for prenatal diagnosis in twin pregnancies must contend with certain peculiarities
that are specific to this type of pregnancy.

In this field, we must first distinguish between monochorionic and dichorionic twins, and this must
be performed first because it clearly defines the choice between the two possible pathways. Regarding
chorionic villus sampling (CVS), the approach could be transabdominal (TA), transcervical (TC) or
both combined, and sampling error/cross-contamination are important issues. Regarding amniocentesis,
single uterine entry vs. double uterine entry, sampling error/cross-contamination and the use of dye are
matters to be considered [72,73]. The rate of pregnancy loss due to the invasive nature of the procedure
appears to be higher in twin pregnancies than in singleton ones. However, it is important to note that
the background risk of miscarriage is also higher in twins, and therefore, the results of singleton and
twin pregnancies are not directly comparable [74].

A meta-analysis of nonrandomised cohort studies has shown that the total pregnancy loss may be
interpreted as similar for CVS and amniocentesis in twin pregnancies (3.84% for CVS and 3.07% for
amniocentesis). It is important to note that none of the CVS studies has considered the chorionicity
when reporting the miscarriage rate after any invasive test. However, there are a few studies regarding
procedure-related pregnancy loss following amniocentesis that have considered the chorionicity [75-77].

There is a common concern regarding an increase in the risk of adverse outcome with the number
of uterine entries, although it is not statistically significant [78,79].
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The single uterine-entry technique requires visualisation of the dividing membrane to advance the
needle tip into both sacs under direct ultrasound vision; otherwise, a second puncture should be performed.

Regarding other methods of foetal sampling, cordocentesis and intrahepatic umbilical vein sampling
should be considered [73]. These techniques allow specifically sampling each foetus and are used as
second-level procedures in selected cases (i.e., mosaicisms or the failure of previous procedures) [79].
Cordocentesis carries a sampling success rate that is similar in singleton and twin gestations (98.8% vs.
97.3%), the foetal loss rate within 2 weeks of cordocentesis is also similar (1.4% and 1.1%, p = 0.42) [79].

4.1. Monochorionic Pregnancy

As monochorionicity and monoamnionicity indicate monozygosity, the expected condition is that
the two foetuses will exhibit an identical karyotype [80]. With this assumption, a single chorionic
villus sampling in the first trimester or a single sampling of amniotic fluid at a later gestational age can
be rationally justified. This has a particular importance because it is evident that the introduction of
the needle through the maternal abdomen to obtain foetal material for prenatal diagnosis twice leads to
greater risks than does a single introduction.

Cases of discordant karyotype (heterokaryotypia) are reported with increasing frequency in
monozygotic twins. These events may be due to errors occurring during mitosis or twinning events,
such as the phenomenon of postzygotic non-disjunction. This condition should be considered in cases
in which discordant sonographic signs are found, such as an increased nuchal translucency or a
malformation [81,82]. In these cases, it is essential to sample both foetuses and that each sampling
is attributed with certainty to each foetus. Because chorionic villus sampling cannot guarantee such
certainty, it is generally preferred to sample amniotic fluid from each twin sac. Genotyping with
microsatellite markers is used to confirm the monozygosity of discordant twins, and cytogenetic
studies may benefit from molecular karyotyping in cases of discordant phenotypes between
monozygotic twins [83].

However, it must be considered that for the diagnosis of genetic diseases with DNA analysis, it
is preferable to sample the chorionic villi and then proceed with this technique in monochorionic
pregnancies when the risk is very high [73].

Obtaining amniotic fluid from both sacs in a monochorionic twin pregnancy is not always a simple
procedure. In fact, in approximately 20% of cases, there may be a significant reduction in the amniotic
fluid in one of the two sacs due to the occurrence of TTTS, which may result in a huge discordance of
fluid between sacs or in a moderate discordance of fluid, associated or not with a selective intrauterine
growth restriction, which may complicate the sampling of both amniotic sacs. Injection of indigo
carmine into the first sampled amniotic sac may avoid sampling errors, which are frequent in cases
of folding (approximately 30% of cases) or overlapping of the intertwin membrane, where iatrogenic
septostomy may indeed occur [84,85].

Amniotic fluid sampling for invasive diagnosis can sometimes be obtained with the amnioreduction
during an invasive procedure for the treatment of TTTS before laser treatment.
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4.2. Dichorionic Pregnancy

For dichorionic twins, monozygosity is expected in approximately 10% of cases, with most
pregnancies being dizygotic. Therefore, the choice of diagnostic procedure is governed essentially by
the type of placentation.

It is possible to properly sample each foetus by chorionic villus sampling in the first trimester.

The risk of cross-contamination with CVS, which is unique to a twin pregnancy, is approximately 1%.
In the case of amniocentesis, an intra-amniotic dye can be used [73].

Chorionic villus sampling is usually performed between the 10th and 12th week of gestation.
To achieve the sampling of both placentas, different modes of sampling can be used, including
transabdominal, transcervical and transvaginal, with the latter two being primarily used in combination.
The transcervical and transvaginal modes can be performed until the 13th week of gestation, whereas
the transabdominal method has the advantage that it can be performed later as well [73]. The sampled
placental material can be used for cytogenetic studies, molecular karyotyping and genotyping to
exclude monozygosity or erroneously repeated sampling of the same foetus. If the result is discordant,
with evidence of a karyotype abnormality in one foetus, the type of placentation allows the therapeutic
option of first-trimester selective embryo reduction.

Amniocentesis, with the use of indigo carmine in the first sampled sac, can be performed from the
15th week on, and this allows a mid-trimester selective reduction in the case of discordant results with
the affected foetus.

5. Selective Termination

The diagnosis of discordant karyotype, with the presence of a serious anomaly in a pair of twins
may be the reason for the request by a pregnant woman for selective termination of the affected foetus.
A further reason is the presence of a structurally anomalous foetus, which may increase the risk of
adverse perinatal outcome of the whole pregnancy [86].

Selective termination is considered a relatively safe technique, but there are some important aspects
to consider: the procedure-related risk of pregnancy loss, the possibility of maternal coagulopathy due
to the prolonged retention of a nonviable foetus, and psychological effects on the mother who is
carrying a non-viable foetus for a long period during the gestation.

Multifoetal pregnancies (more than two) and high-order multiple pregnancies (HOM, more than
three) are at greater risk for adverse maternal outcomes, perinatal morbidity and mortality, including
multifoetal pregnancy loss, and may present the need for multifoetal pregnancy reduction (MFPR).
The aim for multifoetal pregnancy reduction is to reduce the risk of maternal, foetal and perinatal
complications, and it has been demonstrated to be justified, particularly in high-order multiple
pregnancies (more than four foetuses). Multifoetal reduction increases the survival rates of the foetuses
that remain [87].

The most frequent anomalies that are indicative for selective termination are central nervous system
(CNS) anomalies for monochorionic twins and, likewise, CNS malformations and chromosomal
anomalies in dichorionic twins [88]. Selective termination is a clinical procedure that can be performed
in either the first or second trimester of gestation. The introduction of first-trimester screening reduces
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the time to diagnosis of chromosomal abnormalities and enhances the early diagnosis of many
congenital abnormalities. The risk of foetal loss does not appear to increase if the chorionic villus
sampling procedure is performed before the selective reduction [89-91]. The technique used for
selective reduction changes according to the chorionicity of the pregnancy.

Foetal reduction in monochorionic pregnancies requires a technique that ablates or interrupts blood
flow in the umbilical cord of the affected foetus. Due to the presence of vascular anastomoses in
monochorionic pregnancies, it is impossible to use the injection of KCI because this would lead to
the death of the co-twin; different techniques have been studied for this purpose. The currently used
methods include bipolar cord coagulation (BCC) and radiofrequency ablation (RFA). The latter is a
potentially less-invasive option, although recent papers do not report it to have an actual advantage in
terms of preterm delivery or higher procedure-related loss [92,93].

In dichorionic twins, selective reduction can be performed transabdominally in the second trimester
and transabdominally or transvaginally in the first. The technique involves the injection of potassium
chloride (KCI) into the area of the foetal heart using a 21-gauge needle guided by an U.S. probe. The
heart activity stops within 1 min after the injection. The activity must be monitored by ultrasound, and
in rare cases, the injection can be repeated if necessary. Recent data suggest a significantly higher
foetal loss if performed transvaginally rather than transabdominally [94].

A recent paper by Li et al. [95] reports an alternative method that involves an intracranial KCl
injection in the first trimester. This technique appears to reduce the number of injections.

Selective foetal reduction in dichorionic twins is associated with excellent maternal and perinatal
outcomes for the unselected co-twin. For monochorionic twins, the live birth rate is approximately 90%
for BCC and ranges from 33%-90% for RFA, depending on the study [92,96]. Concerning the use of
RFA, the studies are still few, with a limited number of reported cases.

Multifoetal pregnancy reduction is performed in the first trimester, and the technique is the same as
that employed in selective termination in dichorionic pregnancies. The difference between the two
is the decision of which foetus to terminate, and the choice depends on the position of the foetuses and
their characteristics. The foetus with increased nuchal translucency (NT) is typically chosen. Enlarged
NT is a risk factor for congenital abnormalities and genetic syndromes as well as chromosomal
disorders; however, the choice should fall on the foetus with the larger NT, if it is possible to make
this determination technically [97]. In fact, from a technical point of view, it is preferable to select the
foetus nearest to the anterior uterine wall and furthest from the internal uterine orifice. Foetal loss is
strongly related to the number of foetuses before and after the procedure, as it increases with the
number of foetuses reduced.

6. Conclusions

The field of screening and prenatal diagnosis of twins is interesting yet poses many challenges.
Within this particular field, the need of new, less invasive techniques is urgent. The highest priority,
however, should be given to establishing, above all, the chorionicity of the pregnancy as well as the
zygosity, with the utmost accuracy possible.



J. Clin. Med. 2014, 3 876

Acknowledgments

The authors of this manuscript would like to thank Fondazione B. di Sardegna for their encouraging

trust and Boyana Tsikalova, Master of Arts in English philology for the language polishing assistance.

Author Contributions

Giovanni Monni provided the initial outlines of the manuscript, contributed to drafting of the

sections on screening, invasive diagnosis and invasive procedures in twins and made revisions of the

entire manuscript at various stages of the draft; Ambra Iuculano contributed mainly to the drafting of

the section on invasive diagnosis and invasive procedures in twins; Maria Angelica Zoppi contributed

mainly to the drafting of the section on screening and invasive diagnosis in twins.

Conflicts of Interest

The authors declare no conflict of interest.

References

10.

Monni, G.; Zoppi, M.A.; Iuculano, A. Diagnostic Prenatal Invasive Procedures in Obstetrics.
Donald Sch. J. Ultrasound Obstet. Gynecol. 2013, 7, 426—428.

Chervenak, F.A.; McCullough, L.B. Ethical issues in multiple pregnancies. In Multiple Pregnancy,
2nd ed.; Blickstein, I., Keith, D.M., Eds.; Taylor and Francis: London, UK, 2005; pp. 895-902.
Kogan, M.D.; Alexander, G.R.; Kotelchuck, M.; MacDorman, M.F.; Buekens, P.; Martin, J.A_;
Papiernik, E. Trends in twin birth outcomes and prenatal care utilization in the United States,
1981-1997. JAMA 2000, 284, 335-341.

Peters, K.F.; Saltsman, B.M.; Petrill, S.A. Twin gestation pregnancies: Genetic counseling and
testing experience. J. Genet. Couns. 2006, 15, 119-127.

Glinianaia, S.V.; Rankin, J.; Wright, C.; Sturgiss, S.N.; Renwick, M.; Northern Region Perinatal
Mortality Survey Steering Group. A multiple pregnancy register in the north of England. Twin Res.
2002, 5, 436-439.

Doubilet, P.M.; Benson, C.B. “Appearing twin”: Undercounting of multiple gestations on early
first trimester sonograms. J. Ultrasound Med. 1998, 17, 199-203.

Jauniaux, E.; Elkazen, N.; Leroy, F.; Wilkin, P.; Rodesch, F.; Hustin, J. Clinical and morphologic
aspects of the vanishing twin phenomenon. Obstet. Gynecol. 1988, 72, 577-581.

Steinkampf, M.P.; Guzick, D.S.; Hammond, K.R.; Blackwell, R.E. Identification of early
pregnancy landmarks by transvaginal sonography: Analysis by logistic regression. Fertil. Steril.
1997, 68, 168—170.

Timor-Tritsch, L.E.; Farine, D.; Rosen, M.G. A close look at early embryonic development with
the high-frequency transvaginal transducer. Am. J. Obstet. Gynecol. 1988, 159, 676—681.

Bora, S.A.; Papageorghiou, A.T.; Bottomley, C.; Kirk, E.; Bourne, T. Reliability of transvaginal
ultrasonography at 7-9 weeks’ gestation in the determination of chorionicity and amnionicity in
twin pregnancies. Ultrasound Obstet. Gynecol. 2008, 32, 618—621.



J. Clin. Med. 2014, 3 877

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Schmidt, L.L.; Asch, R.H.; Frederick, J.L.; Rojas, F.J.; Stone, S.C.; Balmaceda, J.P. The
predictive value of a single beta human chorionic gonadotropin in pregnancies achieved by
assisted reproductive technology. Fertil. Steril. 1994, 62, 333-338.

Monni, G.; Zoppi, M.A.; luculano, A. First trimester ultrasound and the outcome of monochorionic
twin pregnancy. Twin Res. Hum. Gen. 2012, 15, 221.

Landy, H.J.; Keith, L.; Keith, D. The vanishing twin. Acta Genet. Med. Gemellol. 1982, 31, 179-194.
Ulug, U.; Jozwiak, E.A.; Mesut, A.; Berksoy, M.M.; Bahceci, M. Survival rates during the first
trimester of multiple gestations achieved by ICSI: A report of 1448 consecutive multiples.
Hum. Reprod. 2004, 19, 360-364.

Landy, H.J.; Keith, L.G. The vanishing twin: A review. Hum. Reprod. Update 1998, 4, 177—183.
Dickey, R.P.; Lu, P.Y.; Sartor, B.M. Twins conceived through in vitro fertilization.
Am. J. Obstet. Gynecol. 2004, 190, doi:10.1016/j.ajog.2003.11.011.

Sperling, L.; Kiil, C.; Larsen, L.U.; Qvist, I.; Schwartz, M.; Jergensen, C.; Skajaa, K.; Bang, J.;
Tabor, A. Naturally conceived twins with monochorionic placentation have the highest risk of
fetal loss. Ultrasound Obstet. Gynecol. 2006, 28, 644—652.

Gjerris, A.C.; Loft, A.; Pinborg, A.; Christiansen, M.; Tabor, A. The effect of a “vanishing twin”
on biochemical and ultrasound first trimester screening markers for Down’s syndrome in
pregnancies conceived by assisted reproductive technology. Hum. Reprod. 2009, 24, 55-62.
Spencer, K.; Staboulidou, I.; Nicolaides, K.H. First trimester aneuploidy screening in the presence
of a vanishing twin: Implications for maternal serum markers. Prenat. Diagn. 2010, 30, 235-240.
Reddy, K.S.; Petersen, M.B.; Antonarakis, S.E.; Blakemore, K.J. The vanishing twin: An
explanation for discordance between chorionic villus karyotype and fetal phenotype. Prenat. Diagn.
1991, 11, 679-684.

Tharapel, A.T.; Elias, S.; Shulman, L.P.; Seely, L.; Emerson, D.S.; Simpson, J.L. Resorbed co-twin
as an explanation for discrepant chorionic villus results: Non-mosaic 47,XX,+16 in villi (direct
and culture) with normal (46,XX) amniotic fluid and neonatal blood. Prenat. Diagn. 1989, 9, 467-472.
Berkowitz, R.L.; Lynch, L.; Stone, J.; Alvarez, M. The current status of multifetal pregnancy
reduction. Am. J. Obstet. Gynecol. 1996, 174, 1265-1272.

Lipitz, S.; Shulman, A.; Achiron, R.; Zalel, Y.; Seidman, D.S. A comparative study of multifetal
pregnancy reduction from triplets to twins in the first versus early second trimesters after detailed
fetal screening. Ultrasound Obstet. Gynecol. 2001, 18, 35-38.

Kurtz, A.B.; Wapner, R.J.; Mata, J.; Johnson, A.; Morgan, P. Twin pregnancies: Accuracy of
first-trimester abdominal US in predicting chorionicity and amnionicity. Radiology 1992, 1835,
759-762.

Sepulveda, W.; Sebire, N.J.; Hughes, K.; Odibo, A.; Nicolaides, K.H. The lambda sign at
10-14 weeks of gestation as a predictor of chorionicity in twin pregnancies. Ultrasound Obstet.
Gynecol. 1996, 7, 421-423.

Machin, G.A. The phenomenon of monozigosity. In Multiple Pregnancy, 2nd ed.; Blickstein, I.,
Keih, D.M., Eds.; Taylor and Francis: London, UK, 2005; pp. 201-213.

Whitlow, B.J.; Lazanakis, M.S.; Economides, D.L. The sonographic identification of fetal gender
from 11 to 14 weeks of gestation. Ultrasound Obstet. Gynecol. 1999, 13, 301-304.



J. Clin. Med. 2014, 3 878

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Cuckle, H.; Maymon, R. Down syndrome risk calculation for a twin fetus taking account of the
nuchal translucency in the co-twin. Prenat. Diagn. 2010, 30, 827-833.

Qu, J.Z.; Leung, T.Y.; Jiang, P.; Liao, G.J.; Cheng, Y.K.; Sun, H.; Chiu, R.W.; Chan, K.C;
Lo, Y.M. Noninvasive prenatal determination of twin zygosity by maternal plasma DNA analysis.
Clin. Chem. 2013, 59, 427-435.

Leung, T.Y.; Qu, J.Z.; Liao, G.J.; Jiang, P.; Cheng, Y.K.; Chan, K.C.; Chiu, R.W_; Lo, Y.M.
Noninvasive twin zygosity assessment and aneuploidy detection by maternal plasma DNA
sequencing. Prenat. Diagn. 2013, 33, 675-681.

Rodis, J.F.; Egan, J.F.; Craffey, A.; Ciarleglio, L.; Greenstein, R.M.; Scorza, W.E. Calculated risk
of chromosomal abnormalities in twin gestations. Obstet. Gynecol. 1990, 76, 1037-1041.

Wapner, R.J. Genetic diagnosis in multiple pregnancies. Semin. Perinatol. 1995, 19, 351-362.
Meyers, C.; Adam, R.; Dungan, J.; Prenger, V. Aneuploidy in twin gestations: When is maternal
age advanced? Obstet. Gynecol. 1997, 89, 248-251.

Prats, P.; Rodriguez, 1.; Comas, C.; Puerto, B. Analysis of three different strategies in prenatal
screening for Down’s syndrome in twin pregnancies. J. Matern. Fetal Neonatal Med. 2013, 26,
1404-1409.

Jamar, M.; Lemarchal, C.; Lemaire, V.; Koulischer, L.; Bours, V. A low rate of trisomy 21 in
twin-pregnancies: A cytogenetics retrospective study of 278 cases. Genet. Couns. 2003, 14, 395-400.
Boyle, B.; Morris, J.; McConkey, R.; Garne, E.; Loane, M.; Addor, M.; Gatt, M.; Haeusler, M.;
Latos-Bielenska, A.; Lelong, N.; et al. Prevalence and risk of Down syndrome in monozygotic
and dizygotic multiple pregnancies in Europe: Implications for prenatal screening. BJOG 2014,
doi:10.1111/1471-0528.12574.

Salomon, L.J.; Cavicchioni, O.; Bernard, J.P.; Duyme, M.; Ville, Y. Growth discrepancy in twins
in the first trimester of pregnancy. Ultrasound Obstet. Gynecol. 2005, 26, 512-516.

Blickstein, 1. Superfecundation and Superfetation. In Multiple Pregnancy, 2nd ed.; Blickstein, L.,
Keih, D.M., Eds.; Taylor and Francis: London, UK, 2005; pp. 102—107.

Kagan, K.O.; Hoopmann, M.; Baker, A.; Huebner, M.; Abele, H.; Wright, D. Impact of
bias in crown-rump length measurement at first-trimester screening for trisomy 21.
Ultrasound Obstet. Gynecol. 2012, 40, 135—139.

Sebire, N.J.; D’Ercole, C.; Hughes, K.; Rennie, J.; Nicolaides, K.H. Dichorionic twins discordant
for intrauterine growth retardation. Arch. Dis. Child. Fetal Neonatal 1997, 77, 235-236.
Vandecruys, H.; Faiola, S.; Auer, M.; Sebire, N.; Nicolaides, K.H. Screening for
trisomy 21 in monochorionic twins by measurement of fetal nuchal translucency thickness.
Ultrasound Obstet. Gynecol. 2005, 25, 551-553.

Kalish, R.B.; Gupta, M.; Perni, S.C.; Berman, S.; Chasen, S.T. Clinical significance of first
trimester crown-rump length disparity in dichorionic twin gestations. Am. J. Obstet. Gynecol.
2004, 191, 1437-1440.

Memmo, A.; Dias, T.; Mahsud-Dornan, S.; Papageorghiou, A.T.; Bhide, A.; Thilaganathan, B.
Prediction of selective fetal growth restriction and twin-to-twin transfusion syndrome in
monochorionic twins. BJOG 2012, 119, 417-421.

Sebire, N.J.; Souka, A.; Skentou, H.; Geerts, L.; Nicolaides, K.H. Early prediction of severe
twin-to-twin transfusion syndrome. Hum. Reprod. 2000, 15, 2008-2010.



J. Clin. Med. 2014, 3 879

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Monni, G.; Zoppi, M.A.; Ibba, R.M.; Putzolu, M.; Floris, M. Nuchal translucency in multiple
pregnancies. Croat. Med. J. 2000, 41, 266—-269.

Cheng, P.J.; Huang, S.Y.; Shaw, S.W.; Hsiao, C.H.; Kao, C.C.; Chueh, H.Y.; Hsieh, T.T.
Difference in nuchal translucency between monozygotic and dizygotic spontaneously conceived
twins. Prenat. Diagn. 2010, 30, 247-250.

Kagan, K.O.; Gazzoni, A.; Sepulveda-Gonzalez, G.; Sotiriadis, A.; Nicolaides, K.H. Discordance
in nuchal translucency thickness in the prediction of severe twin-to-twin transfusion syndrome.
Ultrasound Obstet. Gynecol. 2007, 29, 527-532.

Matias, A.; Montenegro, N.; Loureiro, T.; Cunha, M.; Duarte, S.; Freitas, D.; Severo, M.
Screening for twin-twin transfusion syndrome at 11-14 weeks of pregnancy: The key role of
ductus venosus blood flow assessment. Ultrasound Obstet. Gynecol. 2010, 35, 142—148.

Sperling, L.; Kiil, C.; Larsen, L.U.; Brocks, V.; Wojdemann, K.R.; Qvist, I.; Schwartz, M.;
Jorgensen, C.; Espersen, G.; Skajaa, K.; et al. Detection of chromosomal abnormalities,
congenital abnormalities and transfusion syndrome in twins. Ultrasound Obstet. Gynecol. 2007,
29, 517-526.

Zoppi, M.A. Nuchal translucency screening in monochorionic twin pregnancies.
Ultrasound Obstet. Gynecol. 2009, 34, 491-493.

Sebire, N.J.; Snijders, R.J.; Hughes, K.; Sepulveda, W.; Nicolaides, K.H. Screening for trisomy
21 in twin pregnancies by maternal age and fetal nuchal translucency thickness at 10—14 weeks of
gestation. Br. J. Obstet. Gynaecol. 1996, 103, 999—-1003.

Wald, N.J.; Rish, S.; Hackshaw, A.K. Combining nuchal translucency and serum markers in
prenatal screening for Down syndrome in twin pregnancies. Prenat. Diagn. 2003, 23, 588—592.
Prats, P.; Rodriguez, I.; Comas, C.; Puerto, B. First trimester risk assessment for trisomy 21
in twin pregnancies combining nuchal translucency and first trimester biochemical markers.
Prenat. Diagn. 2012, 32, 927-932.

Wgjdemann, K.R.; Larsen, S.0.; Shalmi, A.C.; Sundberg, K.; Tabor, A.; Christiansen, M. Nuchal
translucency measurements are highly correlated in both mono- and dichorionic twin pairs.
Prenat. Diagn. 2006, 26, 218-220.

Maymon, R.; Rosen, H.; Baruchin, O.; Herman, A.; Cuckle, H. Model predicted Down syndrome
detection rates for nuchal translucency screening in twin pregnancies. Prenat. Diagn. 2011, 31,
426-429.

Wright, D.; Syngelaki, A.; Staboulidou, I.; Cruz Jde, J.; Nicolaides, K.H. Screening for trisomies
in dichorionic twins by measurement of fetal nuchal translucency thickness according to the
mixture model. Prenat. Diagn. 2011, 31, 16-21.

Zoppi, M.A.; Ibba, R.M.; Axiana, C.; Floris, M.; Manca, F.; Monni, G. Absence of fetal nasal
bone and aneuploidies at first-trimester nuchal translucency screening in unselected pregnancies.
Prenat. Diagn. 2003, 23, 496-500.

Sepulveda, W.; Wong, A .E.; Casasbuenas, A. Nuchal translucency and nasal bone in first-trimester
ultrasound screening for aneuploidy in multiple pregnancies. Ultrasound Obstet. Gynecol. 2009,
33, 152-156.



J. Clin. Med. 2014, 3 880

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Maiz, N.; Staboulidou, I.; Leal, A.M.; Minekawa, R.; Nicolaides, K.H. Ductus venosus Doppler
at 11 to 13 weeks of gestation in the prediction of outcome in twin pregnancies. Obstet. Gynecol.
2009, 713, 860—865.

Wald, N.; Cuckle, H.; Wu, T.S.; George, L. Maternal serum unconjugated oestriol and human
chorionic gonadotrophin levels in twin pregnancies: Implications for screening for Down’s
syndrome. Br. J. Obstet. Gynaecol. 1991, 98, 905-908.

Spencer, K.; Kagan, K.O.; Nicolaides, K.H. Screening for trisomy 21 in twin pregnancies in the
first trimester: An update of the impact of chorionicity on maternal serum markers. Prenat. Diagn.
2008, 28, 49-52.

Linskens, I.H.; Spreeuwenberg, M.D.; Blankenstein, M.A.; van Vugt, J.M. Early first-trimester
free beta-hCG and PAPP-A serum distributions in monochorionic and dichorionic twins.
Prenat. Diagn. 2009, 29, 74-78.

Prats, P.; Rodriguez, I.; Nicolau, J.; Comas, C. Early first-trimester free-p-hCG and PAPP-A
serum distributions in monochorionic and dichorionic twins. Prenat. Diagn. 2012, 32, 64—69.
Madsen, H.N.; Ball, S.; Wright, D.; Terring, N.; Petersen, O.B.; Nicolaides, K.H.; Spencer, K.
A reassessment of biochemical marker distributions in trisomy 21-affected and unaffected twin
pregnancies in the first trimester. Ultrasound Obstet. Gynecol. 2011, 37, 38-47.

Wegrzyn, P.; Fabio, C.; Peralta, A.; Faro, C.; Borenstein, M.; Nicolaides, K.H. Placental volume
in twin and triplet pregnancies measured by three-dimensional ultrasound at 11 + 0 to 13 + 6
weeks of gestation. Ultrasound Obstet. Gynecol. 2006, 27, 647-651.

Cuckle, H.S.; Benn, P.A. Genetic Disorders and the Fetus: Diagnosis, Prevention, Treatment, 6th
ed.; Wiley-Blackwell Publisher: Hoboken, NJ, USA, 2010; pp. 771-818.

Italian Society of Ultrasound in Obstetrics and Gynecology, SIEOG. Raccomandazioni SIEOG
Gravidanza Gemellare; Editeam: Cento (FE), Italy, 2011.

Yu, S.C.; Jiang, P.; Choy, K.W.; Chan, K.C.; Won, H.S.; Leung, W.C.; Lau, E.T.; Tang, M.H.;
Leung, T.Y.; Lo, Y.M.; Chiu, R.W. Noninvasive prenatal molecular karyotyping from maternal
plasma. PLoS One 2013, 8, 60968.

Lau, T.K.; Jiang, F.; Chan, M.K.; Zhang, H.; Lo, P.S.; Wang, W. Non-invasive prenatal screening
of fetal Down syndrome by maternal plasma DNA sequencing in twin pregnancies.
J. Matern. Fetal Neonatal Med. 2013, 26, 434-437.

Gil, M.M.; Quezada, M.S.; Bregant, B.; Syngelaki, A.; Nicolaides, K.H. Cell-Free DNA Analysis
for Trisomy Risk Assessment in First-Trimester Twin Pregnancies. Fetal Diagn. Ther. 2014,
35,204-211.

Struble, C.A.; Syngelaki, A.; Oliphant, A.; Song, K.; Nicolaides, K.H. Fetal Fraction Estimate
in Twin Pregnancies Using Directed Cell-Free DNA Analysis. Fetal Diagn. Ther. 2014, 35, 199-203.
Monni, G.; Zoppi, M.A.; Ibba, R.M. Prenatal genetic diagnosis through chorionic villus sampling.
In Genetic Disorders and the Fetus: Diagnosis, Prevention, Treatment, 6th ed.; Wiley-Blackwell
Publisher: Hoboken, NJ, USA, 2010; pp. 160-193.

Monni, G.; Ibba, R.M. Invasive procedures in multiple pregnancies. In Interventional Ultrasound,
Kurjak, A., Weiner, S., Eds.; The Parthenon Publishing: London, UK, 1998; Volume 10, pp. 105-115.



J. Clin. Med. 2014, 3 881

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Simonazzi, G.; Curti, A.; Farina, A.; Pilu, G.; Bovicelli, L.; Rizzo, N. Amniocentesis
and chorionic villus sampling in twin gestations: Which is the best sampling technique?
Am. J. Obstet. Gynecol. 2010, 202, doi:10.1016/j.ajog.2009.11.016.

Agarwal, K.; Alfirevic, Z. Pregnancy loss after chorionic villus sampling and genetic
amniocentesis in twin pregnancies: A systematic review. Ultrasound Obstet. Gynecol. 2012, 40,
128-134.

Millaire, M.; Bujold, E.; Morency, A.M.; Gauthier, R.J. Mid-trimester genetic amniocentesis in
twin pregnancy and the risk of fetal loss. J. Obstet. Gynaecol. Can. 2006, 28, 512-518.
Hanprasertpong, T.; Kor-anantakul, O.; Prasartwanakit, V.; Leetanaporn, R.; Suntharasaj, T.;
Suwanrath, C. Outcome of second trimester amniocentesis in twin pregnancies at
Songklanagarind Hospital. J. Med. Assoc. Thail. 2008, 91, 1639-1643.

Palle, C.; Andersen, J.W.; Tabor, A.; Lauritsen, J.G.; Bang, J.; Philip, J. Increased risk of abortion
after genetic amniocentesis in twin pregnancies. Prenat. Diagn. 1983, 3, 83—89.

Srisupundit, K.; Wanapirak, C.; Piyamongkol, W.; Sirichotiyakul, S.; Tongsong, T. Comparisons
of outcomes after cordocentesis at mid-pregnancy between singleton and twin pregnancies.
Prenat. Diagn. 2011, 31, 1066—1069.

Cao, A.; Monni, G. Phenotypic and Genotypic Discordance in Monozygotic Twins. In Multiple
Pregnancy, 2nd ed.; Blickstein, 1., Keih, D.M., Eds.; Taylor and Francis: London, UK, 2005;
pp. 226-231.

Cheng, P.J.; Shaw, S.W.; Shih, J.C.; Soong, Y.K. Monozygotic twins discordant for monosomy
21 detected by first-trimester nuchal translucency screening. Obstet. Gynecol. 2006, 107, 538-544.
Edlow, A.G.; Reiss, R.; Benson, C.B.; Gerrol, P.; Wilkins-Haug, L. Monochorionic diamniotic
twin gestations discordant for markedly enlarged nuchal translucency. Prenat. Diagn. 2011, 31,
299-306.

Essaoui, M.; Nizon, M.; Beaujard, M.P.; Carrier, A.; Tantau, J.; de Blois, M.C.; Fontaine, S.;
Michot, C.; Amiel, J.; Bernard, J.P.; et al. Monozygotic twins discordant for 18q21.2qter deletion
detected by array CGH in amniotic fluid. Eur. J. Med. Genet. 2013, 56, 502-505.

Sebire, N.J.; D’Ercole, C.; Carvalho, M.; Sepulveda, W.; Nicolaides, K.H. Inter-twin membrane
folding in monochorionic pregnancies. Ultrasound Obstet. Gynecol. 1998, 11, 324-327.

Hackney, D.N.; Khalek, N.; Moldenhauer, J.; Ozcan, T. Twin-twin transfusion syndrome
presenting as polyhydramnios in both fetuses secondary to spontaneous microseptostomy.
AJP Rep. 2013, 3, 83-86.

Sun, L.M.; Chen, X.K.; Wen, S.W.; Fung, K.F.; Yang, Q.; Walker, M.C. Perinatal outcomes of
normal cotwins in twin pregnancies with one structurally anomalous fetus: A population-based
retrospective study. Am. J. Perinatol. 2009, 26, 51-56.

Pennings, G. Selective termination, fetal reduction and analogical reasoning. Reprod. Biomed. Online
2013, 26, 525-5217.

Stone, J.; Ferrara, L.; Kamrath, J.; Getrajdman, J.; Berkowitz, R.; Moshier, E.; Eddleman, K.
Contemporary outcomes with the latest 1000 cases of multifetal pregnancy reduction (MPR).
Am. J. Obstet. Gynecol. 2008, 199, doi:10.1016/j.aj0g.2008.06.017.



J. Clin. Med. 2014, 3 882

89.

90.

91.

92.

93.

94.

95.

96.

97.

Ferrara, L.; Gandhi, M.; Litton, C.; McClung, E.C.; Jandl, K.; Moshier, E.; Eddleman, K.; Stone, J.
Chorionic villus sampling and the risk of adverse outcome in patients undergoing multifetal
pregnancy reduction. Am. J. Obstet. Gynecol. 2008, 199, doi:10.1016/j.ajog.2008.05.020.
Brambati, B.; Tului, L.; Guercilena, S.; Alberti, E. Outcome of first trimester CVS for genetic
investigation in multiple pregnancy. Obstet. Gynecol. 2001, 17,209-216.

De Catte, L.; Liebaers, 1.; Foulon, W. Outcome of twin gestation after first trimester chorionic
villus sampling. Obstet. Gynecol. 2000, 96, 714-720.

Bebbington, M.W.; Danzer, E.; Moldenhauer, J.; Khalek, N.; Johnson, M.P. Radiofrequency
ablation vs. bipolar umbilical cord coagulation in the management of complicated monochorionic
pregnancies. Ultrasound Obstet. Gynecol. 2012, 40, 319-324.

Roman, A.; Papanna, R.; Johanson, A.; Hassan, S.S.; Moldenhaure, J.; Molina, S.; Moise, J., Jr.
Selective reduction in complicated monochorionic pregnancies: Radiofrequency ablation vs.
bipolar cord coagulation. Ultrasound Obstet. Gynecol. 2010, 36, 37-41.

Timor-Tritsch, LE.; Peisner, D.B.; Monteagudo, A.; Lemner, J.P.; Sharma, S. Multifetal
pregnancy reduction by transvaginal puncture: Evaluation of the technique used in 134 cases.
Am. J. Obstet. Gynecol. 1993, 168, 799-804.

Li, R.; Yang, R.; Chen, X.; Yang, S.; Ma, C.; Liu, P.; Qiao, J. Intracranial KCI injection—An
alternative method for multifetal pregnancy reduction in the early second trimester.
Fetal Diagn. Ther. 2013, 34, 26-30.

Nobili, E.; Paramasivam, G.; Kumar, S. Outcome following selective fetal reduction in
monochorionic and dichorionic twin pregnancies discordant for structural, chromosomal and
genetic disorders. ANZJOG 2013, 53, 114-118.

Monni, G.; Zoppi, M.A.; Cau, G.; Lai, R.; Baldi, M. Importance of nuchal translucency
measurement in multifetal pregnancy reduction. Ultrasound Obstet. Gynecol. 1999, 13, 377-378.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



