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8 Years of Single-Center Experience

Hiroko Konno1, Takeshi Murakoshi1, Kiyonori Miura2 and Hideaki Masuzaki2
1Division of Obstetrics and Perinatology, Maternal and Perinatal Care Center, Seirei Hamamatsu General Hospital, Shizuoka, Japan and 2Obstetrics and
Gynecology, Nagasaki University School of Medicine, Nagasaki, Japan

Abstract

Dichorionic diamniotic (DCDA) twin pregnancies after single blastocyst embryo transfer have been reported recently, although a blastocyst
ovum is generally believed to divide into monochorionic twin pregnancy. We investigated the incidence of DCDA twin pregnancy after single
blastocyst embryo transfer and their zygosity. This prospective cohort study included 655 consecutive twin pregnancies that were managed
from 2006 to 2014 at our institution. Chorionicity and amnionicity were determined using first-trimester ultrasonography and/or placental
pathology. Zygosity was analyzed if the cases were DCDA twins after single blastocyst embryo transfer. Among 655 twin pregnancies, there
were 348 DCDA cases, 295 monochorionic diamniotic (MCDA) cases and 12 monochorionic monoamniotic cases. Single blastocyst embryo
transfer was performed in 43 cases. Six out of the 43 (14%) cases involvedDCDA twin pregnancies and the other 37 cases involvedMCDA twin
pregnancies. Three DCDA twins born after single blastocyst embryo transfer, wherein frozen embryo transfer (FET) was performed in the
natural cycle, were dizygotic, and the other three cases, wherein FET with hormone replacement therapy was performed, were monozygotic.
DCDA twin pregnancy occurred in 14% (7% formonozygotic and 7% for dizygotic) of twin pregnancies after single blastocyst embryo transfer
cases.
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Monozygotic dichorionic diamniotic (DCDA) twin pregnancies
are believed to occur if the cleavage-stage embryo divides within
3 days of fertilization, before differentiation of the inner cell mass.
Monochorionic diamniotic (MCDA) twin pregnancies occur if the
blastocyst-stage embryo divides between days 4 and 8 postfertili-
zation, at the time of differentiation of the inner cell mass.
Monochorionic monoamniotic (MCMA) twin pregnancies occur
if the embryo divides between days 9 and 12, when the amnion
has become established (Knopman et al., 2010). A blastocyst ovum
is generally believed to divide into monochorionic twin pregnancy.

However, recently, DCDA twin pregnancies after single blasto-
cyst embryo transfer have been reported (Kyono, 2013; Shibuya &
Kyono, 2012; Sundaram et al., 2018; Van Langendonckt et al.,
2000). Single blastocyst transfer is usually believed to result in
MCDA or MCMA twin pregnancies, although it could result in
DCDA twin pregnancies.

Among previous studies, there is only one known case wherein
the zygosity in DCDA twin pregnancies after single blastocyst
embryo transfer was analyzed accurately using genetic testing; the
case was of a monozygotic DCDA twin pregnancy (Kyono, 2013).

The mechanism of how a monozygotic DCDA twin pregnancy
occurs by splitting a single blastocyst embryo is yet unknown.
Processes such as micromanipulation of the zona pellucida during
intracytoplasmic sperm injection (ICSI), preimplantation genetic
screening (PGS) or preimplantation genetic diagnosis (PGD), or
assisted hatching (AH) might cause herniation and subsequent
splitting of the inner cell mass. Furthermore, DCDA twin pregnan-
cies after single blastocyst embryo transfer could occur through a
combination of natural conception and embryo transfer, which is
dizygotic.

The aim of this study was to estimate the incidence of DCDA
twin pregnancies after single blastocyst embryo transfer and to
analyze their zygosity of using genetic testing.

Methods

All consecutive twin pregnancies managed in our institution from
2006 to 2014 were included in this study. We studied how the
patients became pregnant, and the chorionicity and amnionicity.
Chorionicity and amnionicity were determined using first-trimester
ultrasonography and/or postnatal placental pathology. A pregnancy
was diagnosed as a DCDA twin pregnancy if a thick septum
membrane between the two fetuses and the λ sign was observed
in ultrasonography, or two chorionic membranes and two amniotic
membranes were observed in postnatal placental pathology. MCDA
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twin pregnancy was diagnosed if the following were observed: a thin
septum membrane between two fetuses, consisting of two amniotic
cavities, and the T sign on ultrasonography, or one chorionic
membrane and two amniotic membranes were detected in postnatal
placental pathology. MCMA twin pregnancy was diagnosed if the
following were detected: no septum membrane between two fetuses
on ultrasonography, or one chorionic membrane and one amniotic
membrane on postnatal placental pathology.

Zygosity was analyzed if the cases were DCDA twins after a sin-
gle blastocyst embryo transfer. Umbilical cord blood samples were
obtained from the twin babies (baby 1 and baby 2) and whole blood
samples were from their respective parents. Genomic DNA was
extracted from the blood cells. Each sample was genotyped at 16
microsatellite markers using the AmpFISTR® Identifiler® PCR
Amplification Kit (Applied Biosystems, Foster City, CA, USA).
DNA was amplified by PCR, and PCR products were analyzed
using a 3100 Genetic Analyzer™ (Applied Biosystems, Foster
City, CA, USA). At informative loci showing a discordant genotype
between parents, all twin babies inherited one copy each of alleles
from their respective parents. When there were discordant geno-
types at one or more informative loci, twins were diagnosed as
dizygotic (Case 2, Figure 1). When genotypes of baby 1 and baby
2 were identical at all informative loci, twins were diagnosed as a
monozygotic (Case 4, Figure 1).

This study was approved by the ethics committee and the insti-
tutional research review board. Informed consent was sought and
received from participating mothers. The data analysis was carried
out according to the principles of the Declaration of Helsinki.

Results

Among the 655 twin pregnancies, there were 348 DCDA cases, 295
MCDA cases and 12 MCMA cases. The characteristics of all cases
are shown in Table 1. Assisted reproduction was performed in 130
cases. Blastocyst embryo transfer was performed in 108 cases,
among which 43 were single blastocyst embryo transfer. The
characteristics of single blastocyst transfer are shown in Table 2.
Six out of these 43 (14%) were DCDA twin pregnancies and the
other 37 cases were MCDA twin pregnancies (Figure 2).

The zygosities of all six DCDA twins after single blastocyst
embryo transfer were analyzed by means of the combined DNA
index system. The characteristics of these six cases are shown in
Table 3. Three cases were dizygotic and the other three cases were
monozygotic DCDA twin pregnancies (Figure 1).

Discussion

DCDA twin pregnancies are either of monozygotic or dizygotic
origin. DCDA twin pregnancies after single-embryo transfer are
believed to result from separate cleavage-stage embryos until
day 3 after fertilization (Knopman et al., 2010). However,
DCDA twin pregnancies after single blastocyst embryo transfer
have been reported (Kyono, 2013; Shibuya & Kyono, 2012;
Sundaram et al., 2018; Van Langendonckt et al., 2000). Single
blastocyst transfer is believed to result in MCDA or MCMA twin
pregnancies, although it could result in DCDA twin pregnancies
as well.

In previous studies, 12 multichorionic cases occurring after
single blastocyst transfer have been reported (Sundaram et al.,
2018). There has been only one case where zygosity was confirmed
using genetic testing in DCDA twin pregnancies after a single
blastocyst embryo transfer, and this case was a monozygotic preg-
nancy (Kyono, 2013). To the best of our knowledge, there are no

studies that have accurately analyzed the incidence of zygosity of
multichorionic cases after single blastocyst transfer using genetic
testing.

In this study, 43 cases underwent single blastocyst embryo
transfer. Furthermore, the zygosities of 6 DCDA twin pregnancies
among these 43 twins were analyzed using the combined DNA
index system. Three cases were confirmed to be dizygotic and
the other three cases were confirmed to be monozygotic. This indi-
cates that the occurrence of monozygotic DCDA twin pregnancies
by single blastocyst transfer was the result of a separate blastocyst,
and the occurrence of dizygotic DCDA twin pregnancies by single
blastocyst transfer was pregnancies that occurred due to natural
ovulation and concurrent blastocyst transfer. In three dizygotic
cases, frozen embryo transfer (FET) was performed in the natural
cycle without hormone supplements, which meant that spontane-
ous ovulation could have occurred. Dizygotic cases could
be explained by a single embryo with a concurrent natural concep-
tion. On the other hand, in three monozygotic cases, FET was per-
formed with hormone replacement therapy, which means that
spontaneous ovulation could not have occurred. Monozygotic
cases can be explained only by splitting of a single blastocyst
embryo.

The mechanism of monozygotic DCDA twins by splitting a
single blastocyst embryo has been inferred in several studies. A pre-
vious study reported visualization of an atypical hatching pattern
of a vitrified or warmed blastocyst that resulted in two separate and
complete blastocysts in vitro using time-lapse cinematography
(Nishimura et al., 2014). A frozen-thawed blastocyst could split
into two separate blastocysts and escape the zona pellucida.

Table 1. Maternal characteristics in all cases

Natural
n= 407

COS
n= 118

ART
n= 130

Age (years) 29.9 ± 5.0 31.6 ± 4.0 34.5 ± 4.5

Primipara 200 (49%) 74 (63%) 106 (82%)

BMI 20.5 ± 2.9 21.1 ± 3.3 20.8 ± 3.2

Body weight (kg) 51.4 ± 7.7 52.7 ± 9.3 51.9 ± 7.5

MCMA 10 (2%) 2 (2%) 0 (0%)

MCDA 237 (58%) 19 (16%) 39 (30%)

DCDA 160 (39%) 97 (82%) 91 (70%)

Note: Data are presented as mean ± SD or number (%).
COS, controlled ovarian stimulation; ART, assisted reproductive technology; BMI, body mass
index; MCMA, monochorionic monoamniotic twin; MCDA, monochorionic diamniotic twin;
DCDA, dichorionic diamniotic twin.

Table 2. Maternal characteristics of single blastocyst transfer

DCDA
n= 6

MCDA
n= 37

Age (years) 33.2 ± 3.1 34.4 ± 4.2

Primipara 6 (100%) 27 (73%)

BMI 19.3 ± 1.6 20.8 ± 2.5

Body weight (kg) 46.6 ± 5.4 51.7 ± 6.5

Gestational weeks at delivery 37 (37–38) 37 (17–39)

Note: Data are presented as mean ± SD, median (range) or number (%).
DCDA, dichorionic diamniotic twin; MCDA, monochorionic diamniotic twin; BMI, body mass
index.
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Table 3. Maternal characteristics of DCDA twins by single blastocyst transfer

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Age (years) 29 30 36 35 33 36

Parity 0 0 0 0 0 0

BMI 19.4 21.2 21.1 17.3 17.7 19.0

ET Natural Natural Natural HRT HRT HRT

Oocyte age (years) 28 29 36 34 32 35

Micromanipulation None None ICSI ICSI None ICSI

Frozen or fresh Frozen Frozen Frozen Frozen Frozen Frozen

Gestational weeks at first visit 12 10 9 12 10 10

Gestational weeks at delivery 33 37 37 38 38 36

Fetal weights (g) 1886/1882 2558/2626 2626/2914 2548/2754 2712/2602 2502/2352

Fetal sex M/M M/F M/M F/F M/M M/M

Zygocity D D D M M M

Note: DCDA, dichorionic diamniotic twin; BMI, bodymass index; ET, embryo transfer; HRT, hormone replacement therapy; ICSI, intracytoplasmic sperm injection; M, male; F, female; D, dizygotic;
M, monozygotic.

Fig. 1. Determination of twin zygosity by DNA
genotyping at microsatellite marker loci. When
there were discordant genotypes at one or
more informative loci, twins were diagnosed as
dizygotic (Case 2). When genotypes of baby 1
and baby 2 were identical at all informative
loci showing a discordant genotype between
parents, twins were diagnosed as a monozygotic
(Case 4).

Fig. 2. Overview of all cases.
Note: ART, assisted reproductive technology;
COS, controlled ovarian stimulation; NL, natural;
SET, single-embryo transfer; DET, double-
embryo transfer; DCDA, dichorionic diamniotic
twin; MCDA, monochorionic diamniotic twin;
MCMA, monochorionic monoamniotic twin; DZ,
dizygotic; MZ, monozygotic.
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Some studies have reported that micromanipulation of the zona
pellucida during ICSI, PGS/PGD or AH might cause herniation
and subsequent splitting of the inner cell mass (Alikani et al.,
1994, Elizur et al., 2004; Hershlag et al., 1999; Nakasuji et al.,
2014). In this study, micromanipulation was done in two cases
of three monozygotic DCDA twin pregnancies. Although not all
cases can be explained by micromanipulation, the relation cannot
be denied.

Three cases (7%) of 43 single blastocyst transfer were monozy-
gotic DCDA cases. In our study, the incidence of monozygotic
DCDA twin pregnancies after single blastocyst transfer was not
rarer than expected. Some studies have reported that the risk
factors of monozygotic twin pregnancy after single-embryo trans-
fer are young oocyte age, extended embryo culture and microma-
nipulation, such as ICSI or AH (Busnelli et al., 2019). In this study,
blastocyst transfer was found to likely increase the incidence of
monozygotic twin pregnancy after in vitro fertilization, which is
comparable to the results of prior studies.

This study had several limitations, namely that we reported a
small number of DCDA twin pregnancies by single blastocyst
transfer, and not all the cases we studied underwent assisted repro-
ductive technology in our institution. We need to expand the study
to multiple centers in Japan and possibly in different countries.
However, the primary strength of this study was that all DCDA
twin pregnancies by single blastocyst transfer underwent genetical
analysis of their zygosity using the combined DNA index system.

In conclusion, DCDA twin pregnancies were found to occur in
six (14%) cases of twin pregnancies after single blastocyst embryo
transfer, three (7%) cases of dizygotic pregnancies and three (7%)
cases ofmonozygotic pregnancies. Dizygotic DCDA twin pregnan-
cies after single blastocyst embryo transfer can result from a
combination of natural conception and embryo transfer. A
monozygotic DCDA twin pregnancy can also exist commonly
after a single blastocyst embryo transfer, although the splitting
mechanism is unknown.
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