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Abstract

Background: While a relationship between embryo morphology, developmental ability, and genetic integrity exists,
the selection of embryos with higher implantation potential remains a major challenge in assisted reproductive
technology (ART). This study investigated blastocyst developmental competence and euploidy status in human
embryos that had been classed as too poor quality to transfer (ET) or cryopreserve at the cleavage stage.

Embryos were divided into three groups. Group 1 (n = 41) included good quality embryos from candidates of
preimplantation genetic testing for aneuploidy (PGT-A). Groups Il and Il were the “rejected” supernumerary
embryos, defined as suboptimal for ET or vitrification after morphological examination, with embryos randomly
divided between the groups. Group Il embryos (n = 31) were cultured up to the day 3 cleavage stage, when they
were biopsied and fixed. Group Il embryos (n = 27) were cultured up to the day 5 blastocyst stage, when they
were evaluated for morphology and chromosomal status. Chromosomal status in all groups was assessed by multi-
color fluorescence in situ hybridization (FISH) for chromosomes 13, 18, 21, X, and Y.

Results: Euploidy rates in groups |, I, and Ill were 56.1%, 38.7%, and 55.5 %, respectively. Among the blastocysts
that developed from “rejected” embryos, 59.3% were classed as good quality. The most frequent chromosomal
aneuploidy was related to the sex chromosome (22.2%). The mosaicism rate was not significantly different between
the group Il and Il embryos (25.8% vs. 37.0%, p = 0.28).

Conclusion: In conclusion, surplus poor-quality embryos rejected from clinical utilization at the cleavage stage may
develop into viable blastocysts with normal chromosomal status for at least 5 chromosomes. Recovery of euploidy
during poor-quality embryo transition from cleavage stage to blastocyst could provide an alternative choice for ET.
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Background

While a relationship between embryo morphology, devel-
opmental ability, and genetic integrity exists [1, 2], the
selection of embryos with higher implantation potential
remains a major challenge in assisted reproductive tech-
nology (ART) [3]. Recent studies have shown that the
correlation between embryo morphology and implant-
ation potential is relatively weak [1, 4], due to the low
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predictive value of morphological criteria for embryo
selection as a conventional and routine technology in
ART clinics [5]. Many IVF laboratories perform embryo
transfer (ET) on days 2 or 3 after fertilization. The critical
decision of selecting the best embryo for either ET or
cryopreservation is commonly taken on the ET day, based
on morphological criteria including cell numbers, frag-
mentation degree, cells size, and cytoplasmic appearance
by stereo microscope. Therefore, large proportions of
human in vitro generated cleavage-stage embryos may be
discarded, due to their poor prognosis for implantation
[6]. Nowadays, with improved culture systems, blastocyst
production has become more practical and efficient.
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Studies have also demonstrated that poor-quality
cleavage-stage embryos may be capable of implantation
[7, 8] and becoming healthy babies [7, 9, 10] when ex-
tending the culture to the blastocyst stage. A recent
study reported that low-grade day-3 embryos can result
in successful blastulation and clinical pregnancies, even
if the blastulation rate is slower than normal [8].

In general, human fecundity is considered to be poor
compared to other species [11, 12], probably due to the
high occurrence of chromosomal abnormalities in early
human embryos [13]. The baseline of chromosome abnor-
malities in human embryos produced through ART was
reviewed to be higher than 50%, regardless of maternal age
[14]. As well, inverse relationship between advanced mater-
nal age (> 35 years) and embryo euploidy has been known.
So that, a comprehensive review on trophectoderm biop-
sies showed that the rate of embryo aneuploidy increases
from age 31 to age 43 at approximately 85% [15].

In addition, it has been postulated that 60% of all IVF
day-3 embryos showed at least one aneuploid cell [16].

Preimplantation genetic testing for aneuploidy (PGT-
A) and culture of embryos to day 5 may improve ART
outcomes by accurately identifying euploid embryos
[17]. The importance of this issue becomes more clear
when only poor-quality embryos are generated from an
ongoing IVF cycle, which might otherwise not be con-
sidered for ET or cryopreservation [8]. Therefore, the
purpose of the current study was to investigate the mor-
phological as well as cytogenetic assessments of blasto-
cysts, cultured from such surplus poor-quality embryos.

Methods

Patients

This prospective trial was approved by the ethics com-
mittee of the Institute for Reproductive Sciences, Yazd,
Iran (reference number 175014). Written informed con-
sents were obtained from all patients. Embryos created
between August 2015 and February 2017 were prospect-
ively included in the study. The exclusions were patients
with a history of recurrent pregnancy loss and genetic
disorders, maternal age > 37 years, and severe male fac-
tors with non-ejaculated spermatozoa and cycles using
donor gametes/embryos.

Ovarian hyperstimulation protocol and oocyte preparation

The ovarian hyperstimulation was performed using the
standard GnRH antagonist protocols as described previ-
ously [18]. Briefly, 150 IU/day of follicle-stimulating hor-
mone (FSH Gonal F, Serono, Geneva, Switzerland) was
administered on day 2 of the menstrual cycle. When at
least one follicle reached 13 mm in diameter, 0.25 mg of a
GnRH antagonist (Cetrotide, Merck Serono, Darmstadt,
Germany) was initiated and continued until the day of
human chorionic gonadotropin (hCG) injection. When
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proper follicular development was viewed on transvaginal
ultrasound, recombinant hCG (Ovitrelle, Merck Serono,
Germany) was administered to trigger final maturation
and ovulation. Approximately 36h later, ultrasound-
guided oocyte collection was performed using a single
lumen aspiration needle (Wallace, Cooper Surgical, UK).
Retrieved cumulus—oocyte complexes (COCs) were incu-
bated in culture medium (G-IVF; Vitrolife, Kungsbacka,
Sweden) covered with mineral oil (Ovoil; Vitrolife) at
37°C and 6% CO, for 2-3 h. The COCs were denuded of
their cumulus and coronal cells by 30-60s exposure to
HEPES-buffered medium containing 80 IU/ml hyaluroni-
dase (Irvine Scientific, CA, USA) and by pipetting the
COCs [19].

Fertilization and embryo assessments

Following ICSI, the oocytes were placed in standard cul-
ture dishes containing 1 ml G-1 Medium (G-1; Vitrolife)
covered with oil and incubated overnight in a standard
incubator (Thermo Scientific, Thermo Fisher Scientific,
USA) at 37°C and 6% CO,. Regularly, fertilized oocytes
(2PN) were cultured and embryo morphology was evalu-
ated based on the number of blastomeres and the
percentages of fragmentation on days 2 or 3 [20].
Embryos were graded into four categories: grade A,
equal size blastomeres and less than 10% fragmentation;
grade B, slightly unequal blastomeres with up to 20%
fragmentation; grade C, unequal sized blastomeres and
up to 50% fragmentation and large granules; and grade
D, unequal blastomeres with significant fragmentation (>
50%) and large granules [21]. The best embryos with
good quality were transferred, vitrified, or biopsied for
PGT-A according to critical treatment cycle defined for
each patient. Surplus embryos, considered unsuitable for
above processes, were left in the culture for 3 additional
days. To increase reproducibility and reliability, two
expert embryologists morphologically scored all included
embryos based on Hill grading system independently
and blindly.

Categorization of embryos

Embryos were divided into three groups depending on
their quality and developmental stage (Fig. 1). Good-
quality cleavage-stage embryos (grades A and B) were
assigned as group I. Also, the good quality embryos in
group I, with at least six cells on day 3 were included from
the women who were candidates of PGT-A, whereby em-
bryos were transferred into 20 pul of Ca-Mg-free culture
medium (Vitrolife, Sweden) under mineral oil, subjected
to blastomere biopsy (one nucleated cell). Discarded em-
bryos, defined as suboptimal for ET or cryopreserve, were
randomly divided into two groups of II and III using
computer-generated random numbers. Group II embryos
were cultured for 3days and at least three of their
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Morphological embryo assessment

Computer based randomization of
discarded embryos

N=260

Group I

Good quality embryos at cleavage
stage

N=41

Group II Group III
Cleavage stage embryos blastocysts
N=31 N=27

color fluorescence in situ hybridization (FISH)
.

Fig. 1 Diagram for the group categorization of human embryos in this study. The chromosomal status in three groups was studied by multi-

J

nucleated blastomeres were biopsied and fixed individually
according to previous protocols [22]. Group III embryos
were cultured to the blastocyst stage for 5 or 6 days.

Assessment of blastocyst-stage embryos

Group III blastocysts were categorized into the follow-
ing: grade A, blastocysts were expanded with a distinct
inner cell mass (ICM) and many cells organized in the
trophectoderm. Grade B, blastocysts were either poorly
expanded and/or with less defined ICM and trophecto-
derm cells, but without signs of degenerative foci. Grade
C, the blastocysts exhibited poor morphology, character-
ized by a number of degenerative foci in the ICM and
trophectoderm with a poorly developed blastocyst cavity
[23] (Fig. 2). Any group III blastocysts were graded

morphologically and underwent trophectoderm biopsy
of at least 10-15 cells via blind biopsies for FISH
analysis.

Fixation and FISH analysis

For the biopsy procedure, the zona was breached using a
1480-nm wavelength infrared diode laser. After biopsy,
fixation of nucleated cells was performed [12]. FISH was
performed in two rounds. During two rounds of FISH, X
and Y chromosome probes, colored by green and red re-
spectively, were used in the first round. Specific probes
for chromosomes 13, 18, and 21 detected in green, aqua,
and red colors respectively, were used for the second
round. The FISH procedure was carried out according
to the instructions with slight modifications (Cytocell,
OGT Company, Cambridge, UK). Information about

-

Fig. 2 Micrograph showing the three different morphology grades (A, B, C) (Hardarson 2003) of blastocysts. Grade A, grade A blastocysts were
expanded with a distinct inner cell mass (ICM) and many cells organized in the trophectoderm. Grade B, grade B blastocysts were either poorly
expanded and/or with less defined ICM and trophectoderm cells but without signs of degenerative foci. Grade C, blastocysts exhibited poor
morphology, characterized by a number of degenerative foci in the ICM and trophectoderm and a poorly developed blastocyst cavity

.
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enumeration probes were included as [Xpll.l-qll.1
(DXZ1), Ypll.1-q11.1 (DYZ3) and 13ql4.2, 21q22.13,
18p11.1-q11.1 (D18Z1)].

For performing the second round, the coverslip was
removed at first. The slides were then washed in PBS
and dehydrated in increasing ethanol series and hybrid-
ized with the second sets of probes. Following
hybridization, the slides were counterstained in 4',6-dia-
midino-2-phenylindole anti-fade solution. The results of
the first and second round FISH were evaluated by two
analysts (geneticist and technician), who arrived at a
consensus on the diagnosis using a fluorescence micros-
copy (Olympus BX51 and Genetics GSL-10 with Olym-
pus BX61; Tokyo, Japan). The microscope was equipped
with the following filters: triple-band filters (aqua,
orange, green) and single-band pass filters (red, green,
aqua). Images were captured at x 60 or x 100 magnifica-
tion using spectral imaging software (Figs. 3 and 4).

Statistical analysis

Descriptive statistics for continuous data were based on
means * standard deviations or percentages, according
to the data normality. Data analysis was performed using
SPSS (version 20). The frequency distributions between
the groups were analyzed using Fisher’s exact test and
Chi-square analysis. Differences were considered signifi-
cant at p * 0.05.

Results

Embryos at the cleavage (n = 72) and blastocyst (n = 27)
stage were analyzed from women (n = 99) aged 28.75 +
4.11 (group I), 29.35 + 3.64 (group II), and 30.44 + 3.30
years (group III). The etiology of infertility was as fol-
lows: male factor, 21 (51.2%) vs. 9 (29%) vs. 14 (51.19%);
female factor, 10 (24.4%) vs. 12 (38.7%) vs. 8 (52.9%);
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combined male and female factors, 9 (22%) vs. 7 (22.6%)
vs. 0 (0.0%); and for unknown, 1 (2.4%) vs. 3 (9.7%) vs. 5
(18.5%) in groups I, II, and III, respectively.

Table 1 shows the chromosome abnormalities after
FISH in the three groups. Of the 41 and 31 embryos at
the cleavage-stage in groups I and II, the 56.1% (23/41)
and the 38.7% (12/31), respectively, were described as
chromosomally euploid for the five chromosomes ana-
lyzed, while the 43.9% (18/41) and the 61.3% (19/31)
were aneuploid in groups I and II, respectively. Although
the aneuploidy rates in discarded embryos (group II)
were higher compared to good quality embryos (group
I), the differences were insignificant (p > 0.05). The most
frequent chromosomal aneuploidy found was the tri-
somy or monosomy of chromosome 13 (34.1%) in group
I as well as the trisomy or monosomy of chromosomes
13 and 18 (29%) in group II and trisomy or monosomy
of chromosomes 13 (18.5%) in group III. The highest
numbers of sex, autosomal, and total chromosomal ab-
normalities were detected in group I (24.4%, 10/41),
group II (54.8%, 17/31), and group II (61.3%, 19/31),
respectively.

The FISH results from 27 blastocysts developed from
discarded embryos (group III) are presented in Table 2.
The number of examined nuclei ranged from 10 to 15
per embryo. Of 27 discarded embryos that developed to
the blastocyst stage, 55.5% (15/27) were euploid, 37.0%
(10/27) were mosaic, and 7.4% (2/27) of them had at
least one chromosomal abnormality. More than half of
the blastocysts that developed from discarded embryos
showed good quality in morphological appearance (grade
A = 259% + grade B = 33.4%), while the poor-quality
blastocysts with grade C/D were counted as 40.7%. The
morphological grading of blastocysts from group III
showed no significant difference as well (p = 0.08). The

Cambridge, UK) in each round

Fig. 3 Nucleus hybridization of probes with target chromosomes of one blastomere biopsied from cleavage-stage embryo for PGT-A applying
FISH technique. The image showed a female normal nucleus for chromosome X (green), chromosome Y (red), and chromosome 18 (blue) in first
round as well as chromosome 13 (green) and chromosome 21 (red) in the second round using specific probes (Cytocell, OGT Company,




Taheri et al. Middle East Fertility Society Journal (2020) 25:18

Page 5 of 9

Fig. 4 Preimplantation genetic testing for aneuploidy (PGT-A) of biopsied blastocysts obtained from surplus embryos applying FISH technique. The
images showed normal nuclei: a stained with DAPI; b for chromosome X (green), chromosome Y (red), and chromosome 18 (blue) in first round; and
¢ a blastocyst with mosaicism for chromosome 13 (green), and chromosome 18 (blue) using specific probes (Cytocell, OGT Company, Cambridge, UK)

most frequent aneuploidy belonged to the sex chromo-
somal abnormalities (22.2%). The mosaicism rates were
insignificant between the groups of II and III (25.8% vs.
37 %, respectively; p = 0.28).

Nineteen of 41 (46.3%) embryos in group I, 19 (61.3%)
in group II, and 9 (52.9%) in group III were detected as
male. There was no difference in the proportion of male
and female embryos between the three groups (p =
0.10). In contrast, there was the significant difference in
the proportion of male and female embryos in group III
(33.3% male vs. 66.7% female, p < 0.001). Also, the distri-
bution of chromosomal aneuploidies regarding sex em-
bryos’ type was significantly different in group III (22.2%
male vs. 55.5% female; p * 0.0001).

Discussion

This study compared the aneuploidy rates between
good- and poor-quality embryos to assess if the latter
can be an additional source of viable embryos for ART
patients. No significant difference was observed in aneu-
ploidy rates between embryos with different quality and
stages when analyzed by FISH technique. Interestingly, it
was also possible to diagnose the presence of mosaicism,
if a representative number of blastomere cells were ana-
lyzed by cytogenetic analysis [12, 24, 25].

In line with our study, Fesahat and colleagues [26],
who investigated the frequency of aneuploidy in five
chromosomes from high-quality embryos on day 3, ob-
served that the morphological characterization could not
be a reliable method for the embryo selection regarding
the considerable chromosomal abnormalities detected in
embryos cultured in vitro.

Another study assessed the effect on aneuploidy rates
on the morphological appearance of embryos at the cleav-
age and blastocyst stage [1]. Their results confirmed that
chromosomal abnormalities had no visible effect on
morphological scores assigned using traditional criteria.
They classified the cleavage-stage embryos into three
groups (good, average, and poor quality) and reported the
aneuploidy rates of 82.4%, 87%, and 90.5%, respectively.
However, they showed that some aneuploidies affected the
blastocyst morphology during the microscopic observa-
tions. It should be noted that they applied comparative
genomic hybridization (CGH) microarray for the cytogen-
etic assessments of human embryos. Similarly, other
researchers have analyzed human blastocysts using CGH
array and found an aneuploidy rate of 54.4% [27]. Despite
some methodological diversity that cannot affect data
interpretation, the present findings on aneuploidy rates
using FISH were in agreement with other studies.
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Variables Groups Chromosome aneuploidies p OR Cl (95%)
Yes* No* value

Chr.13.Abn. | 14 (34.1) 27 (65.9) 037 Base

I 9 (29.0) 22 (71.0) 1.49 (0.53-4.18)

Il 5(185) 22 (81.5) 2.28 (0.71-7.32)
Chr.18.Abn. I 7(17.1) 34 (82.9) 0.20 Base

Il 9 (29.0) 22 (71.0) 0.50 (0.16-1.54)

Il 3(11) 24 (88.9) 1.64 (0.38-7.02)
Chr.21.Abn. I 11 (26.8) 30 (73.2) 0.28 Base

I 6 (194) 25 (80.6) 1.52 (049-4.71)

Il 3110 24 (88.9) 293 (0.73-11.71)
ChrX.Abn. | 5(2.2) 36 (87.8) 0.74 Base

Il 4(129) 27 (87.1) 0.93 (0.23-3.82)

Il 5(185) 22 (815) 061 (0.15-2.35)
Chr.Y.Abn. | 6 (14.6) 35 (85.4) 035 Base

Il 4(129) 27 (87.1) 1.15 (0.29-4.51)

Il 13.7) 26 (96.3) 445 (0.50-39.31)
Autosom.Abn. | 14 (34.1) 27 (65.9) 0.28 Base

Il 17 (54.8) 4 (45.2) 042 (0.16-1.11)

M1l 8 (26.6) 19 (70.4) 1.23 (0.43-3.51)
Sex.Abn. | 10 (24.4) 31 (75.6) 0.88 Base

I 6 (194) 25 (80.6) 0.88 (0.27-2.80)

Il 6 (22.2) 21 (77.8) 1.19 (0.33-4.24)
Total Abn. | 18 (43.9) 23 (56.1) 0.28 Base

Il 19 (61.3) 12 (38.7) 049 (0.19-1.27)

Il 12 (44.4) 15 (55.6) 0.97 (0.36-2.60)
Mosaicism Il 8 (25.8) 23 (74.2) 0.28 Base

1.05 (0.36-3.04)
M1l 10 (37.0) 17 (63.0) 062 (0.22-1.76)

*Data are presented as total numbers of each variable (percentage). All values between the groups were presented as not significant (p > 0.05)

Chr chromosome, Abn. abnormality

Group | (n = 41), defined as good quality embryos at cleavage stage, group Il (n = 31), defined as surplus embryos at cleavage stage, and group lll (n = 27),

defined as surplus embryos at blastocyst stage

The novelty of this study was the use of embryos that
are usually not selected for ET, due to a poor quality
and morphological aspects, as per the embryologist
opinion. A total of 27 surplus blastocysts (group III)
were analyzed in this study by FISH, with 55.6% having
a normal chromosomal status for the five chromosomes
assessed and 59.3% having a good morphological appear-
ance. The five chromosomes were selected since not all
chromosomes display an equal frequency of aneuploidy
and embryos with abnormalities are capable of reaching
term [26].

Some studies have shown that blastocysts that are de-
rived from poor-quality cleavage-stage embryos may lead
to pregnancy [28, 29]. Kaartinen and colleagues sug-
gested that the use of surplus blastocysts developed from

discarded embryos could increase cumulative the deliv-
ery rate [10]. However, none of these studies examined
the blastocyst euploidy status prior to ET. Genetic
assessment is meaningful, when evidence indicates that
chromosomally abnormal human embryos are capable of
developing to blastocyst stage regardless of their eu-
ploidy situation, such as trisomies [30].

One study [2], with the aim of investigating the correl-
ation between blastocyst morphology, euploidy, and
implantation, showed a direct association between
blastocyst morphology and aneuploidy. In the present
study, we could not investigate this relationship because
of the limited number of blastocysts. Our data showed
that the rate of mosaicism between groups II and III was
insignificant (25.8% vs. 37%, respectively). Chromosomal
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Table 2 Overview of the analyzed blastocysts based on morphological status, embryo gender, and type of cell/embryos ploidy

Blastocyst number Grade Sex Types of cell Overall cell type
1 A M Diploid Normal

2 A F Diploid Normal

3 A F/xo Diploid/mono13/monoX Mosaic

4 A M Diploid Normal

5 A F/xo Diploid/monoX Mosaic

6 A F/xo Diploid/monoX Mosaic

7 A M Diploid/mono18 Mosaic

8 B F Diploid Normal

9 B F Diploid Normal
10 B F Diploid/mono21 Mosaic

11 B F Diploid/tri21 Mosaic

12 B M Diploid Normal
13 B F Diploid Normal
14 B F Diploid/mono13, mono18 Mosaic
15 B F Diploid Normal
16 B M Diploid Normal
17 C F Diploid Normal
18 C F Diploid Normal
19 C M Diploid Normal
20 @ F/xo Diploid/monoX Abnormal
21 C F Diploid Normal
22 C M Diploid Normal
23 C F Diploid/tri13 Mosaic
24 C M Mono13, mono21 Mosaic
25 C F Tri13, mono18, tri21 Mosaic
26 @ F/xxx Diploid/triX Abnormal
27 C M Diploid Normal

Mono monosomy, Dip diploidy, Tri trisomy, XO turner

Diploid, all cells contain two chromosomes for each chromosome pair tested. Mosaic not all cells contain the same chromosomal makeup. Diploid-aneuploid
mosaic, a mosaic embryo with one or more diploid cells. Aneuploid mosaic, a mosaic embryo without the presence of diploid cells

mosaicism is commonly seen in human preimplantation
embryos [31] ranging from 4 up to 90% [32].

The FISH technique has been used as the first mo-
lecular method for evaluating the chromosomal abnor-
mality. However, a shortcoming of this technique is the
lack of assessing whole chromosomes. Therefore, ad-
vanced methods like SNP arrays, aCGH, and NGS, have
been introduced to overcome FISH limitations. Unfor-
tunately, these techniques also have limitations due to
their high costs and subsequent unavailability in many
IVF centers [33].

Other studies of human embryos at the early-cleavage
stage have reported a mosaicism frequency of 75%, which
is consistent with our findings [34]. Others [35, 36] have
also reported a high prevalence of mosaicism at the
blastocyst stage. This high incidence of mosaicism sup-
ports the hypothesis that all human embryos may contain

some abnormal cells, but that this may not necessarily
impair the development and delivery of a normal child.

Several studies have focused on the implantation and
healthy live births after the transfer of mosaic blasto-
cysts [37-41], indicating that that mosaic blastocysts
may be self-correcting [42]. Mosaicism in established
pregnancies may be derived from the TE cells, rather
than the ICM, indicating that mosaic blastocysts could
be considered for ET when euploid embryos are not
available [33], provided that patients are fully counseled
and accepting of the risks.

In line with our results, Huang and colleagues applied
CGH and single nucleotide polymorphism microarray
(SNPs) for analysis of the small number of embryonic
cells at different embryonic developmental stages [43].
They concluded that most embryos maintained chromo-
somal stability during preimplantation development,
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with blastocyst-stage embryos providing more reliable
aneuploidy results.

While our study did not compare aneuploidy rates in
sibling embryos, patients were matched according to
demographic status in order to eliminate the selection
bias between the groups. Similar to our study, others
have compared euploidy between day 3 and day 5 biop-
sied embryos and concluded that a larger proportion of
embryos were euploid on day 5 [44]. Su and colleagues
also suggested that aneuploidy rates in day 7 human
blastocysts produced by IVF were manifold [9]. How-
ever, good quality/euploid blastocysts were eligible for
ET on day 7, leading to healthy live births.

Recently, it was shown that the low-quality day-3 em-
bryos can result in successful blastulation and clinical
pregnancies. However, the normal blastulation rate was
poor [8].

Our study has some limitations, though, including low
sample size and use of FISH as an outdated technology.
Because of limitation in the budget and equipment in
our center, we used this technique for five chromo-
somes. So we decided on the first step to do FISH for
our discarded embryos. Since, we made interesting re-
sults, we decided to evaluate the morphokinetic parame-
ters of discarded embryos development via time-lapse
monitoring and do more advanced techniques such as
array CGH in higher sample size in cooperation with the
other center in the next part of our study.

Conclusion

In conclusion, some of surplus poor-quality embryos
rejected from clinical utilization at the cleavage stage may
develop into viable blastocysts with normal chromosomal
status for at least 5 chromosomes. Recovery of euploidy
during poor-quality embryo transition from cleavage stage
to blastocyst could provide an alternative choice for ET.
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