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Abstract
Purpose To report the world’s first case of live monozygotic
dichorionic diamniotic (DD) twins after a single vitrified-
warmed blastocyst transfer in a cycle during which hormone
supplements were given.
Methods and results The patient was a 39-year-old woman
with tubal factor infertility. Six oocytes were retrieved and
three blastocysts were vitrified after insemination with her
husband’s sperm. Two months later, a single warmed blas-
tocyst was transferred on the fifth day after progesterone
supplementation during the luteal phase. Two gestational
sacs and fetuses with heartbeats showing lambda sign under
ultrasonography were recognized at 7 weeks of gestation
and the patient gave birth to two female infants at gestation-
al 33 weeks. The pathological examination demonstrated
that the DD twin placentas fused in the third trimester.
Conclusions This report suggests that the splitting of the
transferred embryo took place after the blastocyst stage and
the popular credo that the timing of embryo division gov-
erns the placental configuration of monozygotic twins
(MZT) must be re-examined as to its veracity.
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Introduction

There is a long-held credo that the timing of embryo divi-
sion governs the ultimate placental configuration of mono-
zygotic twins (MZT): within 3 days of fertilization,
dichorionic diamniotic (DD); between 4 and 8 days, mono-
chorionic diamniotic (MD); and after 8 days, monochorionic
monoamniotic (MM) [1]. We report the world’s first case of
monozygotic DD twins (two healthy same-sex babies) after
a single vitrified-warmed blastocyst transfer on day 5 after
IVF during a cycle in which hormone supplements were
given and no ovulation or intercourse occurred.

Case

The patient was a 39-year-old woman with tubal factor
infertility. We obtained approval from our Institutional Re-
view Board and informed consent from the couple. Oocyte
retrieval was performed following GnRH antagonist proto-
col. Six oocytes were retrieved and inseminated with her
husband’s sperm. Five oocytes were fertilized and a 9-cell
fresh embryo was transferred, but pregnancy was not
achieved. Two blastocysts on day 5 (grade 4BC, 5BA
(Fig. 1)) and one blastocyst on day 6 (grade 4BC) [2] were
vitrified on a cryotop [3]. Two months later, 6 mg per day of
oral estradiol (estradiol tablets, USP; Mylan Pharmaceuti-
cals, Morgantown, USA) was administered from day 1, and
50 mg per day of progesterone (Fuji Pharmaceutical Co.,
Ltd., Tokyo, Japan) was administered from day 14 (blood
E2 level, 415.7 pg/ml; blood progesterone level, 0.2 ng/ml;
maximum follicular diameter of both ovaries, less than
10 mm; endometrial thickness, 9.1 mm). A single vitrified-
warmed blastocyst was transferred on the fifth day after
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progesterone administration. 1.5 h after warming, the blas-
tocyst divided into two half-blastocysts, both with trophec-
toderm and inner cell mass (ICM) components in
spontaneously hatching zona pellucida (Fig. 2).

Two gestational sacs and fetuses with heartbeats showing
lambda sign were recognized at 7 weeks of gestation
(Fig. 3). The patient gave birth to 1,530 g and 1,388 g
female infants by cesarean section at gestational 33 weeks.
The pathological examination showed that the DD twin
placentas fused in the third trimester (Fig. 4). We confirmed

Fig. 2 a The shrunken blastocyst; just after warming. b The blastocyst
divided into two half-blastocysts, both with trophectoderm and inner
cell mass (ICM) components; 1.5 h after warming. c The blastocyst
divided into two half-blastocysts, both with trophectoderm and inner
cell mass (ICM) components; 2.5 h after warming

Fig. 3 Lambda sign between two gestational sacs and fetuses with
fetal heartbeats under ultrasonography at 7 weeks of gestation

Fig. 4 Pathological finding: Dichorionic Diamniotic fused placentas
in the third trimester. a Macroscopic finding. b Microscopic finding

Fig. 1 The fresh blastocyst on day 5; Grade 5BA before vitrification
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no ovulation in this patient and no intercourse between the
couple during the treatment.

Discussion

There are other reports of atypical hatching leading to twin-
ning in the literature, in particular those of Van Langen-
donckt et al. [4], Meintjes et al. [5] and Behr and Milki [6],
but this case is the first to report a successful birth of same-
sex DD twins after a single-blastocyst transfer. Van Langen-
donckt et al. [4] reported a case of atypical hatching of a
human blastocyst leading to monozygotic twinning. They
showed a half-blastocyst in the zona pellucida and a half-
blastocyst herniated through the zona pellucida in one blas-
tocyst. After a two-blastocyst transfer, they confirmed one
gestational sac and fetus with a fetal heartbeat and two
gestational sacs and fetuses without fetal heartbeats and
concluded that this was a dizygotic trichorial triamniotic
triplet pregnancy. Meintjes et al. [5] reported a trichorionic
heterozygotic triplet pregnancy with dichorionic monozy-
gotic twins following transfer of two expanded blastocysts,
one of which had two distinct ICMs. One of the triplets was
ongoing at 33 weeks at the time of the original publication.
Behr and Milki [6] reported a case of atypical hatching of a
human blastocyst in vitro forming two identical embryos,
but they did not transfer the blastocyst, so no pregnancy
resulted from this.

We had chosen this embryo because its grade was higher
than that of the other embryo. When we found this abnor-
mality in the warmed embryo, we informed the patients,
who decided to proceed with the embryo transfer as they did
not want to waste the embryo or wait for the other embryo to
warm. In our laboratory, we measure the pH of media (7.20–
7.40), CO2 levels (5.5–6.5%), O2 levels (4.5–5.5%), and
temperature (36.8–37.2°C) every day, and as far as we can
ascertain, there were no irregularities. We speculate that this
abnormal development was neither laboratory specific nor
patient specific. Schieve et al. [7], Schachter et al. [8], and
Milki et al. [9] identified assisted hatching, extended cul-
ture, and vitrification followed by warming as possible
reasons for monozygotic twinning. However, as we fol-
lowed our standard procedure in this case, the mechanism
behind this abnormal development is unknown.

Ultrasonography showed lambda sign between two ges-
tational sacs and fetuses with fetal heartbeats at 7 weeks of
gestation. Carroll et al. [10] reported that the most reliable
indicator for dichorionicity was a combination using the

lambda sign or two separate placentas with a sensitivity
and specificity of 97.4% and 100%, respectively.

Finally, we have demonstrated that the pathological find-
ing was the DD twin placentas fused in the third trimester. In
conclusion, these previous cases, along with our own report,
suggest that the splitting of the transferred embryo took
place after the blastocyst stage and the popular credo out-
lined above must be re-examined as to its veracity.
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