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Abstract

Objectives: Monozygotic triplet pregnancy very rarely occurs in assisted reproductive technology (ART) treatment. The present
study reported two cases of trichorionic triplet pregnancies after single embryo transfer (SET) and reviewed the literature in this
regard.
Case Presentation: In the first case, a 29-year-old female underwent the long protocol using gonadotropin-releasing hormone
analogue and one full blastocyst was transferred in a fresh cycle. At 6 gestational weeks, three gestational sacs were clearly
observed, while only one fetus with fetal heart beat was found after one week. In the second case, a 39-year-old female underwent
intracytoplasmic sperm injection treatment and seven embryos were frozen accordingly. After assisted hatching, one completely
expanded blastocyst was transferred during a hormone replacement cycle. Three gestational sacs with three yolk sacs were observed
at 6 gestational weeks. Finally, two fetuses with fetal heart beat were found after one week.
Conclusions: Overall, although the developmental mechanisms of monozygotic triplets are unknown, clinicians should be aware of
the possibility of multiple pregnancies under SET.
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Introduction
Assisted reproductive technology (ART) is widely used
during infertility treatment. Overall, ART treatment
increases the number of multiple pregnancies such as
twins, triplets, and higher-order births (1). In addition,
ART accounts for almost 80% of triplets and higher-order
births (1). However, these multiple pregnancies should be
prevented since they are associated with an increased risk of
maternal and neonatal morbidity compared with twin and
singleton pregnancies (2). Single embryo transfer (SET)
is considered as the most effective strategy for preventing
higher-order multiple pregnancies. Elective SET (eSET) is
defined as the transfer of one good quality embryo in cases
in which at least two good quality embryos are available.
Nowadays, eSET markedly decreases the incidence of
higher-order multiple pregnancies under ART treatment
cycles (3). However, multiple pregnancies, including twin
and triplet pregnancies are reported in some cases even
when SET is performed to prevent their incidence (4).
In triplet pregnancies, the triplets can be of monozygotic,
dizygotic, or trizygotic types. In the natural conception,
the rate of monozygotic triplets varies from 13% to 26%
whereas that of monozygotic triplets remains unknown
after ART treatment (5). According to several reports,
ART treatment increases the rate of monozygotic twinning
compared with the natural conception (4, 6). Generally, it
is difficult to determine the zygosity of triplet pregnancies

by evaluating chorionicity and amnionicity instead of
DNA by highly polymorphic marker analysis (5). In
contrast, pregnancies after SET are monozygotic with
some exceptions. Therefore, it was aimed to report 2 cases
of trichorionic triplet pregnancies after SET, which were
assumed to be monozygotic and to review the literature.
Case Reports
Case 1
A 29-year-old gravida 1 para 1 female referred to Yamagata
University Hospital because of secondary infertility. She
had undergone in vitro fertilization (IVF) and embryo
transfer treatment because of tubal and ovulatory factors
in the previous pregnancy. In addition, she suffered from
oligomenorrhea, and a polycystic ovary was detected
by transvaginal ultrasonography. Her husband’s semen
analysis showed normozoospermia based on the 2010
World Health Organization criteria. Therefore, she
underwent three cycles of clomiphene citrate-stimulated
intrauterine insemination without any success before
undergoing IVF. Then, a long protocol with pituitary
downregulation was followed with intranasal buserelin
acetate and ovarian stimulation with the recombinant
follicle-stimulating
hormone.
Human
chorionic
gonadotropin (hCG, 5000 IU) was administered 36
hours before oocyte retrieval (7). Then, 9 cumulusoocyte complexes (COCs) were retrieved by transvaginal
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ultrasound-guided aspiration, which were subjected to
IVF, and seven out of nine oocytes were fertilized. Then,
one complete blastocyst stage embryo with 3BB grade,
according to Gardner’s classification, was transferred 5
days after embryo culture. The patient had no unprotected
sexual intercourse during the treatment period and her
urine hCG was positive ten days after embryo transfer.
In addition, three gestational sacs and one yolk sac were
observed by transvaginal ultrasonography in the uterus at
6 gestational weeks whereas a fetus with heart beat was
only found in one gestational sac containing a yolk sac
at 8 gestational weeks (Figure 1a). However, no fetus was
detected in the remaining two gestational sacs without
yolk sacs. This was determined as vanishing triplets. The
singleton pregnancy was uneventful, and she vaginally
delivered a full-term (41 weeks) healthy female neonate
(3010 g).
Case 2
A 39-year-old gravida 2 para 1 female attended Yume Clinic
due to secondary infertility. Her previous two pregnancies
were achieved by intracytoplasmic sperm injection (ICSI)
because of male infertility caused by oligoasthenospermia.
The short protocol of downregulation was followed with
intranasal buserelin acetate and ovarian stimulation
with recombinant follicle-stimulating hormone. hCG
(10 000 IU) was administered 36 hours before oocyte
retrieval (7) and 11 COCs were retrieved by transvaginal
ultrasound-guided aspiration. These COCs were denuded
with 0.1% hyaluronidase and eight metaphase-2 oocytes
were subjected to ICSI. Of the eight oocytes, seven were
fertilized and then cultured for five days. All developed
embryos, including two cleavage embryos on day 3 and
five blastocysts on day 5, were electively cryopreserved
to avoid ovarian hyperstimulation syndrome. Three
months later, one fully expanded blastocyst was warmed
and assisted hatching was performed accordingly. One
hatched blastocyst with 5AA grade according to Gardner’s
classification was transferred under hormone-replacement
cycle. The patient had no unprotected intercourse during
the treatment period. Ten days after embryo transfer,
her urine hCG was found positive. Furthermore, three
gestational sacs and three yolk sacs with two fetal heart

beats were observed in the uterus at 6 gestational weeks
by transvaginal ultrasonography. At 7 gestational weeks,
three fetuses were detected in each gestational sac and the
heart beat was observed in two fetuses of the three (Figure
1b). This was considered as vanishing triplets. The twin
pregnancy was uneventful and she delivered healthy male
neonates (2790 g & 2596 g) by elective caesarean section
at 37 gestational weeks.
Literature Review
Related literature was reviewed using keywords such
as “triplet”, “triplets”, “pregnancy”, and “single embryo
transfer” in PubMed and ICHUSHI database, which is a
Japan Medical Abstract Service. During our search, only
12 cases were retrieved, including our cases on triplet
pregnancy after SET (8-15). The characteristics of these
cases are summarized in Table S1 (see Supplementary file
1). The leading cause of infertility was the male factor
(in four cases, 33%). Moreover, the number of cases with
intracytoplasmic sperm injection (ICSI) and IVF was 6
(50%) and 6 (50%), respectively. Additionally, the median
fertilization rates of IVF and ICSI were 85% and 56%,
respectively, indicating that the fertilization rate of IVF
was significantly higher than that of ICSI by the MannWhitney U test (P = 0.02). There were 3 (25%) and 9
(75%) cases with cleavage embryo transfer and blastocyst
transfer, respectively. Similarly, 4 (33%) and 1 (8%) cases
were found with assisted hatching and embryo biopsy,
respectively. The number of cases with oocyte and/or
embryo with zona pellucida breaching (e.g., the one in
ICSI, embryo biopsy, and assisted hatching) was 7 (58%).
Likewise, the number of cases with fresh and frozen embryo
transfer cycles were 8 (67%) and 4 (33%), respectively.
Nine cases were monochorionic triplets, which showed
one gestational sac with three or four yolk sacs while, in
one case, the female had 2 gestational sacs and three yolk
sacs. However, three independent gestational sacs were
observed in the cases of the present report. Five (42%)
cases in the literature review demonstrated a selective
reduction of the fetus. Apart from our 2 cases, one case
was observed with spontaneously vanishing triplets.
Finally, the total number of cases with ongoing pregnancy
and/or delivery was 10 (83%).

Figure. 1. Transvaginal ultrasonography of 2 Cases. Note. The arrows indicate three gestational sacs in the uterus: (a) Case 1 and (b) Case 2.
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Discussion
The current study was a report of two cases of triplet
pregnancies after SET. Three independent gestational sacs
were observed in the uterus of each case. These 2 cases
of triplet pregnancies were considered as trichorionic
pregnancies from monozygotic embryos. To the best of
our knowledge, this is the first case report on trichorionic
monozygotic triplets after SET.
Because there were no unprotected sexual activities,
simultaneous spontaneous and ART-related pregnancy
might not be considered (4). Therefore, both pregnancies
were considered monozygotic triplets. In the literature
review, there was no reported sexual intercourse during
embryo transfer cycles except for our cases.
In addition, both cases might be trichorionic
triamniotic triplets since three independent gestational
sacs were observed in the present cases. In general, in
twin pregnancy, a monochorionic twin occurs when
an embryo divides at 4-8 days after fertilization while a
dichorionic twin occurs when an embryo divides until
3 days after fertilization (16). A similar condition could
be supposed in a triplet pregnancy as well. However, the
determination of chorionicity and amnionicity is assumed
to rely on natural conception. In the ART era, dichorionic
diamniotic twins derived from SET were reported, which
may be monozygotic (4,17). Among the reports, single
blastocyst transfer, which was cultured for 5 days after
fertilization, resulted in dichorionic diamniotic twins.
So far, this has not fit into the theory of embryo splitting
timing and forming of monozygotic dichorionic twins. In
the present cases, a blastocyst was transferred 5 days after
fertilization whereas no division or splitting of the embryo
was observed at that time. According to the long-held
theory, the embryo should be monochorionic triamniotic
triplets if it splits after the transfer. In fact, in the literature
review, 9 out of 10 cases were monochorionic triplets with
one gestational sac in each case. The transferred embryos
were probably divided 4-8 days after fertilization. Further,
as shown in monozygotic dichorionic diamniotic twins,
embryo splitting possibly occurred after the embryo
transfer in the present cases. Thus, the precise mechanisms
or timing of embryo splitting for monozygotic multiple
pregnancies remain unknown and the developmental
mechanisms underlying monozygotic triplets are poorly
understood as well. Monozygotic multiple pregnancies
result from zygotic splitting and several ART procedures
are probably considered as the risk factors for such
splitting. Most studies regarding the risk factors of
zygotic splitting after ART treatments are related to
monozygotic twins. Younger maternal age seems to
increase the rate of monozygotic twin pregnancies after
ART treatment (4). As a matter of fact, the median age
was 32 years in the literature review including our cases
of triplet pregnancies. An earlier study reported that
artificial breakage methods of zona pellucida and/or the
plasma membrane such as those in ICSI, embryo biopsy,
410

and assisted hatching are associated with the occurrence
of monozygotic twins (18). Recently, big-data analyses
of monozygotic twins have revealed that although
fertilization methods (e.g., ICSI) are not a risk factor for
zygotic splitting (4), assisted hatching is a risk factor for
zygotic twin pregnancies (4). Many reports indicated that
an extended culture of embryos to blastocysts is a strong
risk factor for monozygotic twin pregnancies (4, 19). In
the present study and in the literature review including
our present cases, although the rate of artificial breakage
of zona pellucida and/or the plasma membrane was 58%,
the rate of blastocyst transfer was as high as 75% in triplets
after SET. There are conflicting reports regarding whether
zygotic splitting is likely to occur in frozen-warmed
embryo transfer cycles (4,20). Furthermore, the number
of frozen-warmed embryo transfer cycles was 4 of the 12
cases of triplets after SET in the present cases. Similar to
the study of monozygotic twin pregnancies after ART,
the above-mentioned ART procedures may increase the
incidence of monozygotic triplets. Therefore, further
studies are needed to determine how monozygotic triplets
are formed in ART treatments.
In conclusion, we encountered very rare cases of
trichorionic triplets after SET. Although the developmental
mechanisms of monozygotic triplets remain unknown,
clinicians should pay attention to the possibility of
multiple pregnancies after SET.
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