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Introduction

A monochorionic twin pregnancy is a type of monozygotic
pregnancy. They are nearly identical in appearance, genetic
makeup, and even congenital abnormalities, if they have any.
However, it does not mean that monochorionic twins are
completely identical.1

Perinatal morbidity and mortality in monochorionic twin
pregnancies is known to be significantly higher (3–6 times)

than those in dichorionic twin pregnancies. Monochorionic
twin pregnancies might suffer from specific complications
such as twin-to-twin transfusion syndrome (TTTS),
twin-reversed arterial perfusion sequence, conjoined
twin, a significant risk for neurological morbidity, and
increased risk of mortality in the co-surviving fetus in case
of intrauterine demise of one fetus.2 These complications
develop due to intertwin vascular anastomoses within the
placenta. Phenotypic discordance may occur because of
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Abstract Monozygotic twins are thought to be identical since they are created from a single
fertilized egg, yet there may be differences in their congenital defects, birth weight,
and genetic makeup. Asymmetric X chromosome inactivation, unequal gene imprint-
ing, and postzygotic mitotic mistakes including nondisjunction and anaphase lag can
all result in heterokaryotypic monochorionic twins. We report a monochorionic twin
pregnancy that exhibited stigmata associated with trisomy 18 on postnatal examina-
tion despite a low risk of common aneuploidy (trisomy 18) on noninvasive prenatal
screening. Short tandem repeat markers were used for postnatal examination to
confirm high-grade mosaicism. These markers indicated mosaic trisomy 18 in twin II
and normal in twin I, ruling out uniparental disomy and establishing monozygosity in
both fetuses. Twin sac amniocentesis is a prenatal diagnostic procedure that can be
used to identify discrepant monochorionic twins because chorionic villus sampling,
single sac amniocentesis, or cordocentesis may not be able to rule out aneuploidy in
the second fetus and may yield a false-negative result. For prompt zygosity diagnosis,
chromosomal complement, genetic counseling, and referral for selective fetal reduc-
tion, twin sac amniocentesis is recommended.

DOI https://doi.org/
10.1055/s-0044-1780493.
ISSN 2348-1153.

© 2024. Society of Fetal Medicine. All rights reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

THIEME

Case Series

Article published online: 2024-04-16

mailto:dr_ashutosh75@rediffmail.com
https://doi.org/10.1055/s-0044-1780493
https://doi.org/10.1055/s-0044-1780493


structural fetal anomalies, which are three times more
common in monozygotic twins as compared to dizygotic
twins.3,4

Heterokaryotypic monochorionic twins with are rare and
the karyotypic discordance may be caused by asymmetric X
chromosome inactivation and differential gene imprinting
postzygotic mitotic errors such as nondisjunction and ana-
phase lag.5

The most common etiology of this heterokaryotype is the
nondisjunction of homologous chromosomes. According to
the phase of zygote formation, when this nondisjunction
occurs, the genetic abnormality might occur in all the
fetuses or in only one of the fetuses. One of the fetuses
may have a genetic abnormality with a normal second fetus
if the nondisjunction occurs after zygote formation is
completed.6 Postzygotic mitotic nondisjunction and asym-
metric X chromosome inactivation can result in the discor-
dant karyotype.7

For prenatal diagnosis of discrepant genetic complement
in monochorionic twins, chorionic villus sampling (CVS),
amniocentesis, and cordocentesis may be considered. It is
appropriate to perform amniocentesis in both amniotic sacs,
as reported by Lewi et al to examine both amniotic sacs for
genetic abnormality and to establish zygosity. CVS may have
false-negative or false-positive results. Lewi et al docu-
mented the result of CVS on the cord insertion site of both
twins; the karyotype of the aneuploid fetus was normal and
the karyotype of the euploid fetus was abnormal.8,9

Cordocentesis showed an intrauterine exchange of lym-
phocytes through vessel anastomoses in monochorionic
fetuses that can lead to false blood cord results.10 After the

demise of one of themonochorionic fetuses, around15%of the
remaining co-twin also dies; if the co-twin survives, it stands
at high risk of significant neurological morbidity, which is a
known complication.11

Case Report

A 28-year-old primigravida, was seen in the department
of fetal medicine at Artemis Hospital for evaluation of
discordance in nuchal fold thickness at around 16 weeks.
Ultrasound examination demonstrated a monochorionic-
diamniotic pregnancy (MCDA) twins. The parents were
counseled about the increased risk of congenital abnormal-
ities, a TTTS, and growth restriction with discordant twin
growth.

IncreasedNT in one twin (3.9mm;►Table 1) prompted us
to offer and order noninvasive prenatal screening testing
(NIPT) as monochorionic twins are presumed to have the
same genetic makeup. The fetal fraction of the NIPT testing
was 11.9% and the results showed a low risk of common
aneuploidy with 96% sensitivity (►Fig. 1). The cell-free
deoxyribonucleic acid (cfDNA) was extracted from the ma-
ternal peripheral whole blood and was sequenced using
next-generation whole genome sequencing. The paired-
end sequencing data were analyzed by the Illumina Veri-
SeqTMNIPT Assay Software. NIPT inMCDA twins suggested a
low risk of aneuploidy of chromosomes 21, 18, and 13 with
95% sensitivity and 99% specificity (►Table 2).

Increased and discordant NT in a monochorionic twin
could be an early sign of TTTS, which was also indicated by
differential growth of the fetuses (►Table 1). We advised

Table 1 Depicting the surveillance chart and anomalies detected in monochorionic twins

Date POG LMP/
06/01/
2020 (wk)

Twin I (wk)/
weight (g)

Twin II (wk)/
weight (g)

Weight
(g)/%
of bigger
difference

Amniotic
fluid index
in twin I/II

No. of
vessels
in cord

Other fetal
abnormality

NT: 1.40mm;
double marker:
trisomy 21:
<1/10,000

NT: 3.9mm;
double marker:
trisomy 21:
<1/213

NIPT: fetal fraction
11.9%; twins; low
risk of trisomy
21/18/13

April 27, 2020 16þ2 16þ2 14þ5

May 21, 2020 19þ3 19þ0/270 17þ3/186 3/3 Bilateral kidneys in
both fetuses within
normal range

June 29, 2020 25þ0 25þ2/791 23þ0/526 265/33.5% 3/3 Bilateral kidneys in
both fetuses within
normal range

July 18, 2020 27þ5 28þ6/1,253 25þ1/733 520/41.5% 18.0/25.7 3/2 (single
umbilical
artery
[SUA])

Hypoplastic right
kidney (TII)

August 17, 2020 32þ0 33þ4/2,101 30þ0/1,351 750/35.6% 16.6/28.0 3/2 (SUA) Hypoplastic right
kidney (TII)

August 31, 2020 34þ0 34þ2/2,178 31þ0/1,460 718/32.9% 16.5/22.2 3/2 (SUA) Dilated small bowels
(TII); suspected gut
malrotation

Abbreviations: LMP, last menstrual period; NT, nuchal translucency; POG, period of gestation; TII, twin II.
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monitoring of the monochorionic twin pregnancy at 2-week
intervals to exclude the development of TTTS.

Twin A had normal amniotic fluid, growth, and normal
structural anatomy. However, the biometry of twin B was at
the 5th percentile with discordant twin growth. Congenital
abnormalities like choroid plexus cyst, congenital cardiac
defect, omphalocele, clenched hands, and rocker bottom feet
were absent. Both the fetuses had two umbilical arteries and
three vessel cords at 16 weeks of pregnancy; kidney volumes
in both the fetuses were also within normal range.

This pregnancy was kept under close surveillance and was
observed to have occlusion of one of the umbilical arteries in
twin B leading to a single umbilical artery (SUA;►Fig. 2); right
kidney hypoplasia was also noted at 28 weeks (►Fig. 3) of
pregnancy with discordant twin growth and amniotic fluid

levels in twin B (►Table 1). Twin B showed dilatation of the
small intestine, predominantly on the right side of the fetal
abdomenwith suspectedmalposition (►Fig. 4). At 34weeksof
pregnancy, twin B was noted to have a malpositioned dilated
small bowel with a two-vessel cord with growth less than the
5th percentile for gestational age (►Table 1).

Twin B faced a rough course after delivery: difficult
resuscitation to start, ventilator dependency, and failure to
thrive in the immediate postnatal period.

Postnatal examination of the fetus demonstrated trisomy
18 stigmata (►Fig. 5), which led to ordering of routine
interphase peripheral blood fluorescence in situ hybridiza-
tion (FISH) analysis with karyotype in both fetuses.

The monozygosity of both fetuses was confirmed by short
tandem repeat (STR) molecular analysis by using the molec-
ular markers D16S539, D7S820, D13S317, D5S818, CFS1PO,
TPOX, THO1, vWA, and AMEL, and uniparental disomy was
excluded.

FISH and karyotype examination showed mosaic trisomy
18 in twin B: three signals for chromosomes 18 in 160 cells
and two signals for 40 cells of 200 cells studied. Twin A had a
normal female chromosome complement. High-grade mo-
saicismwith a trisomic cell line (nuc ish wcp 18�3[80]/wcp
18�2[20]) was confirmed in twin B.

Discussion

The incidence of SUA varies from 0.2 to 0.87%.12 It has been
reported to be associated with a 6.77 times higher risk of
congenital abnormalities, and growth delays. The most com-
mon anomalies associated with SUA are renal (6.48%), cardio-

Fig. 1 Noninvasive prenatal screening testing (NIPT). Fetal fraction:
11.9%; result: low risk.

Fig. 2 Three- and two-vessel (single umbilical artery [SUA]) cord of monochorionic fetuses.

Table 2 NIPT test depicting the sensitivity and specificity

Trisomy 21 Trisomy 18 Trisomy 13

Sensitivity 96.4% 95.7% 93.6%

2-sided 95% CI 99.9% > 99.9% (64.1%, 98.9%)

Specificity 99.9% > 99.9% > 99.9%

2-sided 95% CI (99.8%,> 99.9%) (99.9%,>99.9%) (99.9%,>99.9%)

Abbreviations: CI, confidence interval; NIPT, noninvasive prenatal screening testing.
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vascular (6.25%), andmusculoskeletal (5.44%).13 SUA has been
reported to be more common in multiple pregnancies. In our
case, the second-trimester ultrasound done at 27 weeks
showed SUA with no other associated anomalies. Isolated
SUA is a risk factor for adverse pregnancy outcomes and
increased risk of intrauterine growth restriction. Premature,

intrauterine, and intrapartum deaths are more common
among neonates with SUA when compared with those with
a three-vessel cord.13,14

Monozygotic twins are formed from one fertilized oocyte;
if twinning happens between 4 and 8 days postfertilization,
it results in monochorionic-diamniotic twins. Most

Fig. 4 Dilated small bowel? Malpositioned in twin II.

Fig. 5 Postnatal examination of twin II with trisomy 18 stigmata: overlapping fingers, rocker bottom feet, macrodactyly, and typical facies.

Fig. 3 Antenatal ultrasound depicting normal left and hypoplastic right kidney of twin II.
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monozygotic twins are not identical; theymay be discrepant
in birth weight, genetic abnormality, and congenital anoma-
lies. As monochorionic twins share a single placenta with
almost ubiquitous intertwin vascular anastomoses, it is not
surprising to find persistent cord blood lymphocytic
mosaicism.

Monozygotic twins having discordant genetic makeup are
rare but a known phenomenonwithmultiple potential expla-
nations.5 Possible genetic mechanisms responsible include
postzygotic mitotic errors leading to mosaicism, skewed X
chromosome inactivation, and postzygotic dominant or reces-
sive genetic mutations.7 With the ever-increasing use of
assisted reproductive technology (ART) and pregnancies, dis-
cordant epigenetic aberrations are also on the rise and being
reported in monozygotic twins.15

The incidenceofdiscordantmonochorionic twins isdifficult
to estimate; it is a rare phenomenon and monozygotic twins
with an abnormal karyotype suffer early fetal demise. Tradi-
tionally, monozygotic twins are presumed to be genetically
identical. As the evidence of discordant genotype and pheno-
type in monozygotic twins is increasingly reported, the use of
the term “identical” to describe these twins should be used
cautiously.7 Both fetuses should be examined with amniocen-
tesis if chromosomal anomalies are suspected inonlyone fetus.

In our case, parent-of-origin (STR markers) studies sug-
gested maternal origin of the trisomic chromosomal com-
plement. The normal twin show a 1:1 ratio of maternal and
paternal microsatellite markers, but the trisomic twins show
a 2:1 inheritance pattern. In our case, either a trisomic zygote
underwent a very early postzygotic nondisjunction, result-
ing in one normal and one aneuploid twin (trisomic rescue),
or a euploid zygote with a very early nondisjunction of
chromosome 18, resulting in a normal cell line and a trisomic
cell line. As demonstrated by our case, it is pertinent to
perform twin sac amniocentesis for the determination of
genetic complement and zygosity inmonochorionic-diamni-
otic twins, which has been advocated by other authors as
well9 (►Table 3).

CVS in monochorionic twins may provide a false-negative
(normal karyotype) report in an aneuploid fetus 9,17 and single
sac amniocentesis may not exclude aneuploidy in the second

fetus. Single sac amniocentesis has been advocated in mono-
chorionic twin pregnancy on the presumption that both
fetuses have the same chromosomal complement and due to
fear of higher procedure-related miscarriages in twin preg-
nancies as compared with singletons. Twin sac amniocentesis
iswarranted for timelydiagnosis of zygosityand chromosomal
complement, genetic counseling, and timely referral for selec-
tive fetal reduction.

The risk of spontaneous fetal death is very high; it is
estimated to be around 36.5% (11–69.7%) in aneuploid
fetuses,32 which further increases for a trisomic fetus in
monochorionic twins. The risk of fetal demise and neurolog-
ical injury to the surviving co-twin after the demise of one in
monochorionic twins is 12 and 18%, respectively.33 The best
method for selective fetal termination would be the use of
either bipolar diathermy cord occlusion or interstitial laser;
radiofrequency ablation has also been shown to be safe and
effective.4

Women with twin pregnancies are more hesitant for
invasive testing, whether CVS or amniocentesis, because of
the perceived increased procedure-related risks of pregnan-
cy loss.34,35NIPT has nowbeen endorsed by the International
Society for Prenatal Diagnosis.36 The American College of
Obstetricians and Gynecologists (ACOG) also recommends
NIPT.37

Prenatal screening is important in ART pregnancies, as
ART-conceived fetuses have a higher rate of chromosome
abnormalities compared with the general population.38

The fetal fraction of cfDNA in maternal plasma for twin
pregnancies is higher, but less than twofold compared to
women with singleton pregnancies.39,40 In monozygotic
pregnancies (MCDA twins), this higher concentration of
cfDNA and the fact that both fetuses almost always have
the same genotype theoretically mean that NIPT in MCDA
twins will be equivalent to or better than that for single-
tons.41 Conversely, for dizygotic twins (dichorionic-diamni-
otic [DCDA] twins), the individual cfDNA contributed by each
fetus is generally lower than that for a singleton and usually
only one of the fetuses will be affected with an aneuploidy.

However, in twin pregnancies, cfDNA testing is more
complex than earlier thought because if trisomy occurs in a

Table 3 Reported different genetic discordance in monozygous twins

Trisomy 21 Rogers et al,15 Dahoun et al,16 and Nieuwint et al17

Trisomy 13 Taylor et al18

Trisomy 18 Reuss et al19

7q34 del; [46,XX,del(7)(q34)] Rock et al20

46,XX with 45,X Gilbert et al21 and Jang et al22

46,XY with 45,X Costa et al,23 Dallapiccola et al,24 Gonsoulin et al,25

Perlman et al,26 Schmid et al,10 and Fernández-Martínez et al27

47,XYY with 45,X Kurosawa et al28

47,XYY with 46,XY Wuttikonsammakit et al29

47,XXY zygote resulting in
46,XX and 46,XY offspring

Zech et al30
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dizygous twin pregnancy, usually only one of the fetuses will
be affected and the cfDNA contribution of the two fetuses can
vary by nearly twofold, the normal twin contributing more
cfDNA into maternal circulation and masking the cfDNA from
the aneuploid fetus.42,43 If the cfDNA contribution from any or
affected fetus is below the threshold of 4% necessary for a
successful analysis, a higher contribution from the normal
cotwin can lead to false-negative results. Consequently, the
complexity in the assessment of fetal fraction in twin preg-
nancies has raised concerns about potentially increased false-
negative results of NIPT in twin gestations.

It is absolutely imperative that each twin contributes a
sufficient amount of cfDNA intomaternal circulation in order
for NIPT testing to accurately distinguish between aneuploid
and euploid pregnancies.

Some authors, including Bevilacqua et al, have demon-
strated that NIPT testing is feasible in twin pregnancies, but
with high failure rates and lower detection rate than in
singleton pregnancies.44 Currently, due to the lack of data
on twin pregnancy, professional societies have called for
more research on NIPT performance in twin gestations.45

More and more cases of monochorionic twins discordant
for trisomy 18 are being reported, highlighting counseling and
management difficulties. Our case report further supports the
recommendation of dual amniocentesis in monochorionic-
diamniotic twin pregnancies. The increase in the diagnostic
yield has necessitated a reevaluation of the pathomechanisms
responsible for discordant anomalies in monochorionic-dia-
mniotic twins. A greater understanding of the genetics of both
fetuses in a twin pregnancy is likely to influence how the
patients are counseled on their management options.

Conclusion

Our publication emphasises that rather than assuming that
elevated or discordant NT is an early symptom of TTTS,
amniocentesis should be performed on both monochorionic
fetal sacs to diagnose heterokaryotypic abnormalities or
chromosomal mosaicism. This will contribute to the best
possible outcome for heterokaryotypic monochorionic preg-
nancies by facilitating prompt counseling and referral for
selective fetal reduction.
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