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Abstract

Background: Preimplantation genetic diagnosis (PGD) is a diagnostic approach in assisted reproductive technology (ART) to detect
and select unaffected embryos to be transferred. Obtaining biopsy samples from embryos (polar body, blastomere, or blastocyst) is
a key step in preimplantation genetic testing (PGT), which has many technical issues.
Objectives: This study aimed to evaluate the effect of biopsies from 3-day embryos (blastomere) on the quality of embryos and
implantation success in couples who requested sex selection before embryo transfer.
Methods: On the third day after fertilization, 352 high-quality embryos (> six cells on day third with < 10% fragmentation) were
collected from 77 women and were tested for sex selection using FISH testing. A laser beam was used to obtain blastomere biopsies by
removing a significantly small portion of the zona pellucida. One blastomere was gently biopsied by an aspiration pipette through
its hole. After biopsy sampling, the embryo was immediately returned to the embryo scope until transfer. Embryos’ integrity and
blastocyst formation were assessed on day 5.
Results: A total of 595 embryos were studied, including 352 embryos that were biopsied on day 3 for gender selection (i.e., the
intervention group) and 243 intracytoplasmic sperm injection (ICSI) embryos that did not undergo biopsy (i.e., the control group).
Overall, 17.1% of the embryos were abnormal for X or Y chromosomes. Biopsy for PGD was performed 67 - 73 hours after ICSI.
Blastomere biopsy taking was significantly associated with blastocyst quality and implantation success.
Conclusions: In this study, after obtaining blastomere biopsies, we investigated the growth process of the embryos according to
morphokinetic parameters. Our results showed that blastomere biopsy taking could affect the blastulation of embryos and decrease
the success rate of implantation.
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1. Background

In infertility clinics, preimplantation genetic testing
(PGT) is offered along with fertilization and in vitro
fertilization (IVF) to select superior embryos (1). This
method, which is used to diagnose diseases associated
with single-gene mutations, sex-linked disorders, and
chromosomal abnormalities (2) is very effective in
preventing the selective termination of pregnancy in
couples who are at risk of transmitting genetic defects
(3). This method is not only beneficial for the couples
referring to infertility clinics for IVF but also for couples
who are naturally fertile but carry pathogenic genes and
want to prevent the transmission of inherited genetic
defects to their offspring (4). In addition, there is

increasing interest in determining the sex of the fetus
before implantation, where preimplantation genetic
diagnosis (PGD) is applicable as well in both medical
and non-medical groups. The choice of medical gender
aims to prevent sexually transmitted diseases, but the
non-medical choice is only performed to satisfy parents
who desire to have children with a preferred gender (5).

The IVF procedure is the same for both infertile and
fertile couples, except for the fetal biopsy step, which
is performed for genetic testing (6). Embryonic genetic
materials for testing can be obtained from three sources
(the polar body, blastomere, and blastocyst). In the most
common method, sampling is performed in the cleavage
stage, in which one or, in some cases, two blastomeres
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are isolated from a 6- to 8-cell embryo on the third day
(7). Biopsy sampling is performed with breaching of the
zona pellucida, which can be performed in several ways.
Today, the most popular method of elective biopsy of the
fetus is to use a laser beam (8). Over the years, significant
advances have been made in laboratory standards and
the quality of culture media. Good-quality culture media
are essential for increasing the quality and evolution
of blastocytes (9, 10), causing IVF clinics to consider
transferring embryos at the blastocyst stage. There are
reports showing that blastocyst implantation rates are
higher compared to embryo transfer in the early stages
(11). In addition, trophectoderm biopsy has significantly
improved and become more popular in infertility centers
(12). In vitro fertilization process enables infertility
centers to successfully grow the embryo to the blastocyst
stage, which is an appropriate stage for biopsy sampling
(13). In many studies, trophectoderm biopsies have been
successfully performed for genetic testing, after which
the embryo has been transferred to the mother’s uterus
without any quality changes (14-16).

2. Objectives

In this study, the embryos of two groups of infertile
couples (with and without requests for PGD before
transferring embryos to the mother’s uterus) were
analyzed to assess the effects of biopsy sampling from
embryos at the cleavage stage on the success rates of
implantation and blastulation.

3. Methods

3.1. Study Design

This retrospective study was conducted on couples
referring to the Fertility Clinics of Milad and Shams
hospitals in Tabriz, Iran, from August 2020 to July 2021,
for sex determination of their embryos, where we also
assessed the variations of X and Y chromosomes, their
copy numbers, quality of embryos after biopsy sampling,
and embryo implantation rate in the couples undergoing
assisted reproductive technology (ART) treatments. The
PGD process was performed in Dr. Seyed Ali Rahmani
Medical Genetics Laboratory.

3.2. Patients

In this study, 154 infertile couples with primary
infertility, a mean age of 35 years, were studied. All of
the selected couples had normal chromosomal pictures
(karyotypes), and no single gene disease was observed in
their pedigrees (analyzed for up to three generations).

Seventy-seven couples requested PGD testing to determine
the sex of their embryos. A total of 595 embryos were
formed for these 154 couples, and PGD testing was
performed on 352 embryos of the couples who requested
sex determination.

3.3. IVF Treatment

Women were administered FSH medications to
stimulate the release of multiple eggs during a single
ovulation induction cycle. Follicle growth was controlled,
and when at least three follicles reached a size of 17
mm, egg maturation and luteinization of the follicles
occurred, and egg retrieval was performed 37 hours later.
The resulting oocytes were fertilized by intracytoplasmic
sperm injection (ICSI) and cultured in human embryo
culture media at 37°C with 6% CO2 and 5% O2. The
embryos were classified by an embryologist according
to morphological criteria into three classes in either the
cleavage stage (A, B, and C) or the blastocyst stage (1, 2, and
3) according to Gardner criteria (Table 1) (17).

Table 1. Classification of Blastocytes Based on Their Quality

Groups Quality of Embryos

1 5AA/5AB/5BA/5BB

2 4AA/4AB/4BA/4BB; 3AA/3AB/3BA/3BB

3 2AA/2AB/2BA/2BB; 1AA/1AB/1BA/1BB

3.4. Biopsy Sampling

Biopsy sampling from embryos was performed by
the same embryologist for all cases. Embryos with 6
- 8 blastomeres with grades A, B, and C were selected
for biopsy sampling at the cleavage stage on day third
after fertilization. Biopsies were taken after breaching
the zona pellucida using the Octax laser (MTG, Germany).
The size of the gap is important because creating a large
gap damages the embryo. The biopsy was performed
with a microinjection microscope (Figure 1). The embryos
were placed in a biopsy medium free of calcium and
magnesium for 3 to 5 minutes before biopsy sampling to
facilitate the process. In order to obtain biopsies using
a microinjection microscope, the embryos were held in
place by a retaining micropipette. The embryo was then
rotated until the blastomere was in the 3 o’clock position
for biopsy taking. A hole was made in the zona pellucida
using the Octax laser (MTG, Germany), and the blastomere
was gently aspirated by a biopsy micropipette and then
was completely removed from the embryo (Figure 1). After
biopsy sampling, the embryos were washed and grown in
the blastocyst growth medium containing serum protein
supplements until the day of transfer.
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Figure 1. The process of embryo biopsy sampling in the cleavage stage. A, the smaller portion of the zona pellucida was removed by a laser; B, micropipette insertion through
the zona; C, blastomere aspiration

3.5. Slide Preparation

Blastomeres were placed in droplets containing a
fixative solution (1% tween, 20, and 0.05% hydrochloric
acid) at specific locations on a slide; the cytoplasmic
membrane was slipped, and the nucleus was then fixed.

3.6. FISH Analysis

The embryos’ sex chromosomes were examined using
a FISH Probe (Cat NO. LPH002). At first, the slide was
washed in 2X sodium saline citrate buffer for two minutes
and then was placed in 70%, 85%, and 100% ethanol,
respectively, each for one minute. Then tenµL of the probe
was placed on the slide, which was then covered by a cover
slip. The slides were placed at 37°C for five min, followed by
denaturation at 75°C for two minutes. Then the slides were
incubated at 37°C for hybridization, and after 24 hours,
the cover slip was removed, and the slides were washed
for two minutes in a 72°C sodium saline buffer and then
one minute in a sodium citrate buffer containing 0.05%
tween 20. Eventually, ten µL of Depi was placed on the
slide, which was covered with a cover slip afterward. The
prepared slide was studied by a 410Motic BA fluorescent
microscope applying Dapi, FITC, and TEXAS RED filters.

3.7. Embryo Transfer

The patients were divided into two groups; no PGD
testing (n = 77 couples who did not request this test)
and PGD testing for sex determination. In both groups,
two embryos were transferred to the mother’s uterus
in the blastocyst stage. In both groups, two embryos
were transferred to the mother’s uterus. For the parents
requesting PGD testing, embryos with the desired sex were
selected for transfer.

3.8. Statistical Analysis

Categorical data were presented as frequencies and
percentages. The comparison of frequency between the

groups was performed using the chi-square test. Also,
relationships between variables were measured by the
Spearman correlation coefficient and gamma coefficient.
Analyses were conducted in statistical package for the
social sciences (SPSS) software (SPSS version 26.0, SPSS Inc.,
Chicago, IL, USA).

4. Results

4.1. Clinical Characteristics of Couples

Table 2 shows the clinical characteristics of the studied
couples (154 couples); 42.1% of women were under 35 years
of age. Also, 35.1% of the women who requested PGD and
40.3% of the women who did not request PGD were under
35 years of age. The age of men ranged from 30 to 55 years,
42% of whom were younger than 38 years old. Overall, IVF
failed in 37 (48.1%) of the couples who requested PGD and
44 (57.1%) of the couples who did not request this test. All
the couples were treated with ICSI/IVF with their own eggs
and sperm.

4.2. Genetic Analysis Findings

Overall, 40.8% of 352 studied embryos were XX, and 33%
of them were XY; 15.4% of them were aneuploid, and 1.7%
were euploid. The highest rate of aneuploidy was related
to XO, which included 7.4% of all abnormal embryos; 4%
were XXY, 2.3% were XYY, and 1.7% were XXX. In 9.1% of the
embryos assessed, the nucleus was lost during the fixation
process or detached from the slide during the washing
process.

4.3. Relationship Between Male Infertility Factors and the
Quality of Embryos

Among the couples requesting or not requesting PGD,
29 (37.7%) and 35 (47.7%) of men had fertility problems,
respectively, characterized by low (mild to severe)
sperm counts and abnormal sperm motility with normal
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Table 2. Characteristics of the Couples Included in the Study, Including Those Who Had (Group 1) or Had Not (Group 2) Requests for Preimplantation Genetic Diagnosis a

Characteristics Group 1 Group 2

Maternal age in years, median (range) 35 (30 - 46) 35 (30 - 50)

30 - 35 30 (39) 27 (35.1)

35 - 40 34 (44.2) 31 (40.3)

40 - 45 9 (11.7) 13 (16.9)

45 - 50 4 (5.2) 5 (6.5)

50 - 55 0 1 (1.3)

Number of women (%) ≤ 35 30 (39) 36 (46.8)

Number of women (%) > 35 47 (61) 41 (53.2)

Number of embryos 243 352

Number of embryos with quality A (day 3) 155 (63.8) 201 (57.1)

Number of embryos with quality B (day 3) 50 (20.6) 87 (24.7)

Number of embryos with quality C (day 3) 38 (15.6) 64 (18.2)

Number of arrested embryos 30 (5) 69 (11.6)

Number of embryos (group 1 quality in Table 1) 161 (27.1) 100 (16.8)

Number of embryos (group 2 quality in Table 1) 37 (6.4) 89 (14.8)

Number of embryos (group 3 quality in Table 1) 15 (2.5) 94 (15.8)

Male factors 35 (47.7) 29 (37.7)

Primary infertility 77 (100) 77 (100)

Previous IVF failure 37 (48.1) 44 (57.1)

Number of total ICSI/IVF cycles 77 (100) 77 (100)

Abbreviations: ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization.
a Values are expressed as No (%).

karyotype. Overall, 41.2% of embryos with high quality on
the day third after fertilization belonged to this group of
men. No significant correlation was found between the
quality of embryos and male fertility status (P = 0.34).

4.4. Relationship Between Embryos’ Quality and Implantation

Transferring to the uterus was performed for 49 (31.8%),
4 (2.6%), 10 (6.5%), and 15 (9.7%) women who had embryos
with grades 1, 2, 3, and all grade quality, respectively, and
after two weeks, beta-HCG testing rendered positive results
for 15 (39.5%), 2 (3.1%), and 3 (7.9%) of the women who quality
grade 1, 2, and 3 embryos, respectively. No significant
relationship was observed between the rate of embryo
implantation and the quality of transferred embryos (P =
0.27).

4.5. The Effect of Blastomere Biopsy Sampling on Implantation

The embryos were transferred to women’s uteruses,
and implantation was controlled by beta-HCG
measurement after two weeks. Implantation success
was compared between the two groups of women (i.e.,

with or without PGD testing), where 29 (37.7%) of those
without PGD testing and 18 (23.4%) of women with PGD
testing were pregnant. The results showed a significant
relationship between blastomere biopsy sampling and
successful implantation (P = 0.04).

4.6. Impact of Blastomere Biopsy Sampling on Embryos’ Growth

Out of embryos undergoing blastomere biopsy
sampling on day third, 201 (57.1%), 87 (24.7%), and 64
(18.2%) embryos with grade A, B, and C quality, respectively,
continued development and growth, and the respective
values were 155 (63.8%), 50 (20.6%), and 38 (15.6%) for
embryos that did not undergo biopsy sampling. The
comparison of the quality of embryos in the blastocyst
stage (Table 2) revealed a significant difference in embryos’
development between the two groups (i.e., biopsied and
non-biopsied) (P = 0.01). In other words, a significant
relationship was observed between blastomere biopsy
sampling and the quality and development of embryos.
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5. Discussion

The PGD technique is recommended for older couples
(< 35 years old), those experiencing repeated implantation
failure (RIF), recurrent pregnancy loss (RPL), and carriers
of single-gene and chromosomal diseases. This method
is used to increase the rate of healthy pregnancies and
healthy live births through IVF treatment (18). In this
study, the effect of blastomere biopsy sampling was
assessed on the success rate of implantation and on
embryo quality. In our study, 62.7% of implantation efforts
were successful, and 61.8% of high-quality embryos in the
blastocyst stage were related to the embryos that did not
undergo biopsy sampling. The results of our study were
consistent with the findings of Bar-El et al., who showed
that blastomere biopsy sampling delayed the compaction
and blastulation of embryos and reduced the success rate
of implantation (19). The use of these technologies for the
genetic studying of embryos increases the rate of healthy
live births by detecting chromosomal abnormalities
in embryos before transfer (20). On the other hand,
no instructions have been provided for the optimal
time of biopsy. In most laboratories, biopsy sampling
is performed at the cleavage stage to allow sufficient
time for genetic analysis (21). In a study, Ashiru et al.
compared the effects of biopsy sampling at the cleavage
or blastocyst stage and showed a significant difference
in the success rate of implantation between embryos
undergoing biopsy in the two different stages mentioned
(22). Also, our results showed that the blastulation rate
was significantly reduced in embryos undergoing biopsy
at the cleavage stage, which was consistent with the
report of Vega et al., who noted that biopsy sampling at
the cleavage stage reduced the overall proportion of the
embryos growing to the blastocyst stage by 25 percent
(23). Shi et al. showed that chromosome screening had
beneficial effects in pregnancies with advanced maternal
age. Moreover, biopsy sampling at the blastocyst stage had
a better outcome compared to the polar body and cleavage
stages (24). Kalma et al. showed that blastomere biopsy
could be less harmful to embryos’ development if it is
carried out during a critical period of embryonic growth,
i.e., during the 8-cell stage. They also demonstrated the
added value of time-lapse microscopy for determining
the optimal timing for blastomere biopsy taking (21). In
a study conducted by Aghajanova et al., similar to our
study, they did not find a significant relationship between
sperm quality and embryos’ morphological features (25).
However, Piccolomini et al. argued that sperm quality
affected embryos’ growth and development, evidenced
by a decrease in the blastulation rate in embryos from
low-quality sperms (26). The results of the recent study

contradicted our observation, which may be related
to the fact that we used the sperm intracytoplasmic
injection method, which can reduce the negative impacts
of low-quality sperm on treatment outcomes. This study
is the first report on the Azerbaijani population of Iran.
Overall, the results of our study were comparable to
previous global reports.

5.1. Conclusions

Embryo biopsy sampling at the cleavage stage affected
the development and blasting processes of embryos and
reduced the success rate of implantation. On the other
hand, the PGD technique not only allows for gender
detection of embryos but also identifies sex chromosome
abnormalities, so the transfer of abnormal embryos to the
uterus can be prevented, highlighting the importance of
this technique. It is necessary to increase the sample size
and collect more data from several infertility clinics to find
any correlation between embryo biopsy sampling and the
studied parameters. The advantages and disadvantages of
embryo manipulation technologies should also be further
investigated, and the studied parameters are suggested
to be assessed for trophyctoderm biopsy sampling in the
blastocyte stage as well.
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