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a b s t r a c t

Objective: To determine whether transfer of high-mosaicism (�50%) embryos can result in healthy
newborns.
Case report: Two embryos resulting from controlled ovarian stimulation (COS) in Patient one, 41 years of
age (y/o), underwent preimplantation genetic testing for aneuploidy (PGT-A), which demonstrated that
one was mosaic (68%) and the other aneuploid; the mosaic embryo was transferred. Amniocentesis at 18
weeks of gestational age (GA) revealed a normal 46, XY karyotype. A phenotypically normal boy was
delivered at 39 and 5/7 weeks of GA. For Patient two, 39 (y/o), nine embryos obtained after COS un-
derwent PGT-A, indicating one euploid, four mosaic, and four aneuploid embryos. One euploid and one
mosaic (50%) embryo were transferred, resulting in a twin pregnancy. Amniocentesis at 18 weeks of GA
showed both fetuses had normal 46, XY karyotypes. Two phenotypically normal boys were delivered at
37 2/7 weeks of GA.
Conclusion: Transfer of high-mosaicism embryos selected using current techniques can result in healthy
euploid newborns. Amniocentesis suggested that mosaic embryos can be self-corrected before 18 weeks
of GA.
© 2019 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Many molecular techniques including arrayecomparative
genomic hybridization (aCGH) and next-generation sequencing
(NGS) have been developed to investigate embryo ploidy during
in vitro fertilization (IVF) [1,2]. A day 3, single-blastomere biopsy for
preimplantation genetic testing for aneuploidy (PGT-A) analyzes all
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24 chromosomes to allow identification and transfer of euploid
embryos. PGT-A has been reported to improve live-birth rates per
cycle in women aged 38e41 years [3]. However, it is not clear
whether PGT-A should be implemented as a general screening test
in routine IVF practice [1,4,5].

Embryonic mosaicism is defined as the occurrence of two or
more genetically different cell lineages within the same embryo
[6,7]. Mosaicism at a ratio of 20e80% normal to abnormal cells can
be identified in a 5- to 10-cell trophectoderm biopsy of a blastocyst
using high-resolution NGS [8]. This raises the question of whether
embryos with a high rate of a mosaicism (>40e80% ratio) should be
transferred if they are the only ones available. Despite encouraging
studies reporting the delivery of healthy babies after transfer of
mosaic embryos identified either by NGS or aCGH methodologies
[9,10], an ongoing concern in our clinical practice is whether the
currently available platforms yield reproducible results.
y Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:d102095012@gmail.com
mailto:tzengcr@tmu.edu.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tjog.2019.07.032&domain=pdf
www.sciencedirect.com/science/journal/10284559
http://www.tjog-online.com
https://doi.org/10.1016/j.tjog.2019.07.032
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.tjog.2019.07.032
https://doi.org/10.1016/j.tjog.2019.07.032


Y.-L. Liu et al. / Taiwanese Journal of Obstetrics & Gynecology 58 (2019) 872e876 873
Herein we report two cases of live births following transfer of
high-mosaicism embryos and review the literature, focusing on
chromosomal mosaicism and the clinical outcomes of IVF
treatment.

Case presentation

The study was approved by the joint Institutional Review Board
of Taipei Medical University (TMU-JIRB number: No. 201711084).

Patient one

A 41-year-old woman consulted our infertility center in 2017
during a 5-year period of secondary infertility. She had three chil-
dren with her former husband. She had a past history of tubal
pregnancy, right status post-laparoscopic salpingectomy, and left
tubal ligation in 2000. No other specific history was reported. There
was no other obvious cause of infertility. Semen analysis of her
present husband was normal.

She received the first cycle of controlled ovarian stimulation
(COS) using the ultra-long-acting GnRH agonist (leuprolide acetate)
protocol. Four mature metaphase-II (M�II) oocytes were aspirated
and inseminated by intracytoplasmic sperm injection (ICSI). Three
embryos were cultured to the cleavage stage and transferred.
However, she did not become pregnant. One month later, she un-
derwent a second COS with an antagonist protocol. PGT-A was
suggested because of her previous implantation failure and her age.

Ovarian stimulation was commenced by daily injections of 150
U human menopausal gonadotropin (hMG) (Menopur; Ferring),
150 U follicle-stimulating hormone (FSH) (Gonal-F; Merck Serono)
and 4 IU (0.665 mg) of recombinant human growth hormone
(rHGH, Saizen; Merck Serono) for 5 days from day 2 of the patient's
menstrual cycle (MC2). Follicular monitoring started on MC7 and
was performed every 2e3 days using transvaginal ultrasound (TVS)
to record the number of developing follicles. Blood concentrations
of serum luteinizing hormone (LH), estrogen (E2), and progester-
one (P4) were measured on the same days as the TVS.
Gonadotropin-releasing hormone antagonist (GnRH antagonist)
(Cetrotide; Merck Serono) was administered subcutaneously at
0.125 mg/day from MC7 when the lead follicle reached 14 mm in
Fig. 1. The results of preimplantation genetic testing for aneuploidy (PGT-A) and amniocente
for partial trisomy 1 and the blastocyst 2C was aneuploid. (b) The amniocentesis demonstr
diameter and was continued until the day of triggering. Daily in-
jections of 150 U hMG and 150 U FSH (Gonal-F) were added onMC7
and MC8 to promote adequate follicle growth. On MC9, there were
at least three dominant follicles with mean diameter �18 mm and
the E2 level was 1717 pg/ml. The final stage of oocyte maturation
was triggered using 1 mg leuprolide acetate (Lupro; Nang Kuang)
and 6500 IU recombinant human choriogonadotropin (hCG) (rhCG,
Ovidrel; Merck Serono). TVS-guided oocyte retrieval was per-
formed 36 h after the trigger.

Seven oocytes, including five M�II, one metaphase-I (M�I) and
one germinal vesicle (GV) oocytes, were retrieved and inseminated
by ICSI. Two embryos were cultured to the blastocyst stage and
trophectoderm biopsies for PGT-A were performed. Samples were
then tested by a commercial provider of PGT-A using 24-
chromosome screening by NGS (VeriSeq PGS with BlueFuse Multi
Software; Illumina, Inc.) according to the manufacturer's in-
structions. The results indicated that one embryo was mosaic (68%)
for partial trisomy 1 and the other embryo was aneuploid; no
euploid embryos were available (Fig. 1a). After counseling, the pa-
tient elected to receive themosaic embryo. She achieved pregnancy
after frozen-thawed embryo transfer (FET) and hormone replace-
ment therapy (HRT). She underwent amniocentesis at 18 weeks of
gestation age (GA) which identified no chromosome abnormality
and a karyotype of 46, XY (Fig. 1b). The pregnancy was carried to 39
5/7 weeks of GA, and a 2995 g phenotypically normal male baby
was delivered.
Patient two

The patient was a 39-year-old woman with a 3-year history of
secondary infertility of unexplained etiology. She had regular
menstrual cycles with an interval of 28e30 days. Semen analysis of
her husband was normal. Her past medical history was unre-
markable. Her obstetric history included one spontaneous preg-
nancy with delivery of a 2818 g female baby in 2014.

She received two cycles of COS, two fresh embryo transfers, and
one FET but did not become pregnant. She underwent a third COS
with a progestin-primed ovarian stimulation (PPOS) protocol. PGT-
A was suggested because of her age and repeated implantation
failure.
sis for patient one. (a) PGT-A showed that blastocyst 1C could be mosaic (approx. 68%)
ated a normal karyotype of 46, XY.



Fig. 2. The results of preimplantation genetic testing for aneuploidy (PGT-A) and amniocentesis for patient two. (a) PGT-A showed that blastocyst 8C was euploid, blastocysts 3C, 5C,
7C, and 9C were mosaic and blastocysts 1C, 2C, 4C, and 5C were aneuploid. Blastocysts 8C and 5C were transferred. (b) The amniocentesis results for both twin A (left panel) and
twin B (right panel) demonstrated a normal karyotype of 46, XY.

Y.-L. Liu et al. / Taiwanese Journal of Obstetrics & Gynecology 58 (2019) 872e876874



Y.-L. Liu et al. / Taiwanese Journal of Obstetrics & Gynecology 58 (2019) 872e876 875
Ovarian stimulation was commenced by giving two vials of re-
combinant FSH þ recombinant LH (Pergoveris 150 IU/75 IU) and 8
IU (1.33 mg) of rHGH for 1 day, followed by 1 vial of Pergoveris and
6 IU (1 mg) of rHGH for another 2 days starting at MC2. Medrox-
yprogesterone acetate (10 mg/day) was administered from MC2
onward. Follicular monitoring started on MC5 and was performed
every 2e3 days using TVS to record the number of developing
follicles. Serum LH, E2, and P4 concentrations were measured on
the same days as the TVS. In addition, she received two vials of
Pergoveris on MC5 and one vial of Pergoveris on MC6eMC9 to
ensure adequate follicle growth. On MC10, the level of E2 was
5046 pg/ml, and there were more than three follicles with mean
diameter �18 mm. The final stage of oocyte maturation was trig-
gered using 0.1 mg triptorelin (Decapeptyl, Ferring) and 1000 IU
rhCG. TVS-guided oocyte retrieval was performed 36 h after the
trigger.

Twenty-four oocytes including sixteen M�II, one M�I, and
seven GV were retrieved and inseminated by ICSI. Nine embryos
were cultured to the blastocyst stage and trophectoderm biopsies
for PGT-A were performed. The results demonstrated one euploid,
four mosaic, and four aneuploid embryos (Fig. 2a). Because of her
history of repeated implantation failure, after counseling she
elected to receive one euploid and one mosaic (about 50% for
partial monosomy 1) embryos. She achieved a twin pregnancy after
FET with HRT. She underwent amniocentesis at 18 weeks of GA and
both fetuses were karyotyped as 46, XY (Fig. 2b). The pregnancy
was carried to 37 2/7 weeks of GA, and two phenotypically normal
male babies with body weights of 2176 g and 2642 g were
delivered.

Discussion

We report two cases of healthy live births after transfer of high-
mosaicism blastocysts (�50%) identified by NGS, which indicates
that reproducible results can be obtained in our clinical practice
using the currently available platforms. Both patients were classi-
fied as advanced maternal age (AMA) and had a history of im-
plantation failure [11e15]. The most likely cause of failure in
assisted reproductive technology is embryonic aneuploidy, a major
type of chromosome abnormality in which cells contain an
abnormal number of chromosomes [16,17]. PGT-A has been utilized
to improve clinical pregnancy and live birth rates in IVF patients of
AMA [3,18,19] and with repeated implantation failure (RIF) [20e22]
because these patients have a high prevalence of aneuploid em-
bryos. In one recent study that included 1389 blastocysts derived
from 296 cycles and evaluated by aCGH or PGT-A demonstrated
comparable live birth rates in IVF patients of AMA, with RIF or
recurrent miscarriage or oocyte donors [23], further supporting the
application of PGT-A in patients with an increased risk of aneuploid
embryos. Hence, we suggested that our patients utilize PGT-A as a
tool to increase their live birth rate.

Mechanisms of embryo mosaicism include chromosome
nondisjunction, anaphase lagging, mitotic nondisjunction, inad-
vertent chromosome destruction, and premature cell division
before DNA duplication [7,24e27]. The incidence of embryonic
mosaicism is higher in cleavage-stage embryos (15e90%) than in
blastocysts (30e40%) [6,7,28e30]. Greco et al. were the first to
report healthy live births after transfer of mosaic aneuploid blas-
tocysts identified by means of aCGH [9]. Eighteen women who
underwent IVF but had no euploid embryos received a mosaic
embryo after counseling. Eight pregnancies, of which six resulted in
the birth of a singleton infant at term, were reported [9]. This group
published a subsequent report comparing the clinical outcomes of
euploid embryos with those of mosaic embryos containing low
(<50%) and high (�50%) percentages of aneuploidy [10]. Low-
mosaicism embryos had similar clinical outcomes to euploid em-
bryos with respect to clinical pregnancy, implantation, and live
births per embryo, while high-mosaicism embryos had inferior
clinical outcomes. The embryos transferred in our two patients
were classified as high-mosaicism embryos. Although our study is
preliminary, our results support the findings of Greco at al. that
transfer of high-mosaicism blastocysts can result in the birth of a
healthy infant at term.

The influence of the type of mosaicism on clinical outcomes in
IVF treatment has also been investigated. Munne et al. reported
pregnancy outcomes after transfer of mosaic embryos identified by
NGS [8], and identified a lower ongoing implantation rate (10%) for
transfer of complex-mosaic blastocysts (aneuploid, double aneu-
ploid, and segmental mosaic) than other types of mosaic embryos.
Moreover, embryos containing >40% aneuploidy and those with
chaotic mosaics (multiple mosaic abnormalities) probably also have
lower ongoing implantation rates [8].

When IVF patients have no euploid embryos available for
transfer, we follow the suggested guidelines published by the
Preimplantation Genetic Diagnosis International Society (PGDIS)
newsletter of 2016 [31]. Our first patient had no euploid embryos
but had one mosaic embryo (68% for partial trisomy 1). According
to the PGDIS guidelines, this mosaic embryo belonged in a favorable
transfer category. Our second patient had one euploid embryo and
four mosaic embryos but elected to receive two embryos because of
her repeated implantation failure. Hence, we selected the mosaic
embryo (about 50% mosaic for partial monosomy 1) based on the
suggested guidelines that “embryos revealing mosaic euploid/
monosomy are preferable to euploid/trisomy, given that mono-
somic embryos (excepting 45, X) are not viable”. Both our patients
produced healthy live babies. Thus, when there is no euploid em-
bryo for transfer in IVF patients who undergo PGT-A, we can pri-
oritize mosaic embryos for transfer based on the guidelines of the
2016 PGDIS newsletter [31].

An increased frequency of aneuploid oocytes and embryos is
associated with advancing maternal age [32,33]. In contrast,
Nakhuda et al. suggested that the incidence of mosaicism per em-
bryo did not increase with advancing maternal age [34]. Therefore,
advancing maternal age may lead to an increased incidence of
aneuploid rather than mosaic embryos.

Amniocentesis at 18weeks gestation revealed that the fetuses in
both our patients had a normal karyotype of 46, XY, suggesting that
the two mosaic embryos self-corrected before 18 weeks gestation.
The potential mechanisms of self-correction of mosaic and aneu-
ploid embryos include superior growth of the euploid cells or
favorable allocation of the normal cells to the inner cell mass,
postzygotic chromosome gain or chromosome loss, mitotic
nondisjunction, and trisomic rescue [7,29,35e38]. However, these
mechanisms require further investigation.

In conclusion, our two cases confirm that selected high-
mosaicism embryos can produce healthy euploid newborns and
that reproducible results can be obtained in clinical practice using
currently available technologies. The normal karyotype observed at
amniocentesis suggested that mosaic embryos could potentially
self-correct before 18 weeks gestation.
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