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Trophectoderm biopsy protocols may impact the rate of mosaic
blastocysts in cycles with pre-implantation genetic testing
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Abstract
Purpose This study aimed to analyze the impact of different biopsy protocols on the rate of mosaic blastocysts.
Methods This is a retrospective cohort study which included 115 cycles with pre-implantation genetic testing for
aneuploidy (PGT-A). Two groups were allocated based on the biopsy protocols: method 1 group, the zona pellucida
(ZP) was drilled on day 3 embryos followed by trophectoderm (TE) biopsy; and method 2 group, the ZP was opened on
day 5 or 6 blastocysts followed by TE biopsy. All biopsy samples were assessed using next-generation sequencing
(NGS) at a single reference laboratory. The euploid, aneuploid, and mosaic blastocyst rates and clinical outcomes were
compared.
Results The mosaicism rate in the method 1 group was 19.58%, significantly higher than the method 2 group (8.12%; P < 0.05).
No statistically significant difference was observed in euploid, aneuploid blastocyst rates, and clinical pregnancy rates between
the two groups. Logistic regression analysis indicated that the biopsy protocols were independently associated with the mosa-
icism rates among all the variables.
Conclusions The present study showed that different biopsy protocols may have an impact on the mosaic blastocyst rate. ZP
opening on day 3 combined with TE biopsy might increase the incidence of mosaic blastocysts.

Keywords Pre-implantation genetic testing for aneuploidies (PGT-A) . Blastocyst biopsy protocol .Mosaicism .Next-generation
sequencing

Introduction

Although assisted reproductive technology (ART) has been
established for > 40 years, the clinical pregnancy rate per cycle

in in vitro fertilization (IVF) remains low. It is widely accepted
that aneuploidy is one of the main reasons for implantation
failure of embryos. Pre-implantation genetic testing for aneu-
ploidies (PGT-A) strives to improve the clinical outcomes by
identification of aneuploid and transfer of euploid embryos.
However, the utility of this technology is currently debated
[1–5].

With the introduction of next-generation sequencing (NGS),
it is now possible to detect pre-implantation embryos with chro-
mosomal mosaicism [6–10]. Chromosomal mosaicism is de-
fined as two or more chromosomally different cell lines within
an embryo. Studies showed that the transfer of mosaic embryos
gives rise to healthy pregnancies, but may be associated with
reduced implantation, higher miscarriage rates, and an in-
creased risk of fetal abnormalities compared to euploid embryo
transfer [6, 8, 11–15]. The incidence of mosaicism in blasto-
cysts ranged from 1 to 40% [11, 16–18]. However, less than
50% of clinics transfer mosaic embryos [19]. This results in a
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large number of discarded embryos. The above factors lead to
the application of PGT-Amore controversial. Thus, a means by
which to reduce the mosaicism rate is urgently needed.

The factors leading to the different mosaicism rate remain to
be identified. Embryo culture conditions (e.g., oxygen concen-
tration, temperature fluctuations, and culture medium composi-
tion) may affect chromosome segregation. Specifically, higher
oxygen concentrations have been shown to increase non-
disjunction events in an embryo mouse model [20].
Insemination methods have been shown to be associated with
mosaicism rates; IVF had a trend toward higher rates of mosa-
icism compared to intracytoplasmic sperm injection (ICSI) [21].
Mosaicism is mainly derived from the first few mitotic errors
after fertilization. Components of the fertilizing sperm, such as
the centrosome and associated proteins, play an important role in
chromosome segregation mechanisms during the post-
fertilization stages [22]. A recent report showed that compro-
mised sperm quality is associated with increased rates of mosaic
blastocysts, verifying the important role of sperm in the forma-
tion of mosaic embryos [23]. The influence of ovarian stimula-
tion onmosaicism rate remains debated. The research byMunne
et al. [24] showed that stimulation might impact mosaicism rate.
However, a recent study byAlba Cascales et al. [25] did not find
an association between embryonic mosaicism and any of the
stimulation protocol variables. Algorithms used for normalizing
the chromosome mapping bins can also potentially alter the
profiles [26]. In addition, biopsy technique was also suggested
to result in various technical effects on mosaicism rate [26].

Currently, blastocyst trophectoderm (TE) biopsy is the
most widely used technique to obtain genetic material for
PGT-A. There are two blastocyst biopsy protocols that differ
by the time of zona pellucida (ZP) opening before biopsy. In
the first method, the ZP is drilled by a laser pulse on day 3
cleavage embryos, followed by extended culture to the blas-
tocyst stage [23, 27]. On day 5 or 6, the blastocysts with
herniating TE cells from the artificial hole are biopsied [28].
In the second method, the embryo is left in culture medium up
to the blastocyst stage. The ZP is opened on day 5 or 6 blas-
tocysts, immediately followed by TE biopsy [18, 29–31].

Recently, some researchers have demonstrated that the sec-
ond method improved the frozen blastocyst survival rate and
clinical outcomes [31]. Only a few studies, however, have
demonstrated the possible influence of different biopsy proto-
cols on the mosaicism rate, and the results are controversial
[18, 32].

Mosaicism is not a negligible phenomenon in human em-
bryos. The study of mosaicism has a profound significance not
only to understand human embryonic development but also for
the practice of ART. The true incidence of mosaicism remains
controversial and an active area of study. The represent study
aims to investigate whether biopsy protocols could have an
influence on the mosaic blastocyst rate by comparing the mo-
saic blastocyst rate of PGT-A between two biopsy protocols.

Materials and methods

All procedures in this study were performed in accordance
with the relevant guidelines and regulation [33]. This retro-
spective cohort study was approved by the Institutional
Review Board on 24 June 2020 at our clinic. This was a
retrospective single-center study including patients who
underwent PGT-A at our clinic from January 2018 to
May 2020. There were 206 patients who underwent
PGT-A during the study period. Based on a previous
publication showing that compromised sperm quality is
associated with an increased rate of mosaic blastocysts
[23]; cycles with abnormal sperm parameters were ex-
cluded (n = 28). To avoid the possible influence of
embryo vitrification on the rate of mosaicism, cycles
with thawed embryos were also excluded (n = 14).
The biopsy samples were sent to two different sequenc-
ing companies for testing in our clinic. To exclude the
influence of different sequencing platforms, only sam-
ples sequenced by one company were selected for this
study (n = 115). The subject selection process is de-
tailed in Fig. 1. All of the patients signed a consent
form for all of the procedures performed during PGT-
A treatment.

There were two different biopsy protocols during the
study period in our clinic. Method 1 was used from
January to October 2018, in which artificial ZP opening
was performed on day 3 embryos. According to the liter-
ature, this protocol may disturb embryo development and
result in premature blastocyst hatching. Therefore, we
switched the biopsy protocol from method 1 to 2 since
November 2018, in which artificial ZP opening was per-
formed immediately before biopsy on day 5 or 6
blastocysts.

A total of 115 PGT-A cycles recruited in this study, and
474 blastocysts were biopsied: 240 from the method 1 group
and 234 from the method 2 group. The primary endpoints
were euploidy, aneuploidy, and mosaicism rates. The second-
ary endpoints were clinical pregnancy and miscarriage rates
within each group.

There were two experienced embryologists who spe-
cialized in blastocyst biopsies using the same microma-
nipulation equipment during the study period. There were
no statistical differences with respect to the no-results and
clinical pregnancy rates between the two embryologists.
We checked the quality control records at our clinic dur-
ing the study period. There were no notable variations
regarding the culture condition (PH, temperature, and
gas composition of the incubators), media, and dispos-
ables. The protocols for handling the specimens, kit for
whole-genome amplification (WGA), internal algorithms,
and software for sequencing analysis remained the same
during the study period.
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However, due to the influence of the COVID-19 epidemic,
the ovarian stimulation protocols changed; more cycles used
antagonist protocols from February 2020 on.

Controlled ovarian stimulation and oocyte retrieval

Ovarian stimulation and oocyte retrieval were carried out as
previously described [34]. In brief, ovarian stimulation was
performed by recombinant FSH (Gonal F; Merck Serono,

Switzerland) and monitored by plasma estradiol and
transvaginal ultrasonography. Human chorionic gonadotropin
(hCG, Ovidrel; Merck Serono, Switzerland) was administered
when at least 3 follicles measuring > 18 mm in diameter.
Transvaginal oocyte retrievals were performed 36 h after
hCG injection. The retrieved oocytes were placed in 2.5 ml
of G-IVF medium (Vitrolife Sweden AB, Sweden) and cul-
tured at 37 °C in a 5% O2/6% CO2 incubator until
insemination.

Fig. 1 Flow chart of patients through the study
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Insemination, embryo culture, and grading

To minimize the risk of maternal contamination from residual
cumulus cells and paternal contamination from surplus sperm
attached to the ZP, all the mature oocytes were inseminated by
ICSI under an inverted microscope by three experienced em-
bryologists. To limit the exposure of the embryos to sub-
optimal conditions, a time-lapse monitoring system
(EmbryoScope Plus; Vitrolife, Sweden) was used to culture
embryos after insemination. From days 1 to 3, embryos were
cultured in G1medium (Vitrolife SwedenAB). From days 3 to
5 or day 6, embryos were cultured in G2 medium (Vitrolife
Sweden AB). Blastocyst quality was evaluated on days 5 and
6 based on the criteria by Gardner and Lane [35].

Blastocyst biopsy procedures

For method 1, a ~ 10-μm hole on the ZP was created on day 3
embryos using a 180-μs laser pulse (ZILOS-tk Laser,
Hamilton Thorne Biosciences, MA, USA). After ZP opening,
embryos were rinsed in G2 medium several times, transferred
to fresh G2 medium, and cultured in a time-lapse monitoring
incubator until the blastocyst stage. Blastocysts with the TE
cells herniated from the artificial opening on day 5 or 6 were
transferred to a culture dish containing 4 microdroplets of G-
mops medium (Vitrolife Sweden AB) and overlaid with 5 ml
of mineral oil (Vitrolife Sweden AB) for further biopsy. The
biopsies were performed as follows. The holding pipette aspi-
rated the blastocysts with herniated TE cells at the 3 o’clock
position. The herniated TE cells were then aspirated with the
biopsy pipette, while laser pulses were applied to cut the TE
cells. After 3–5 laser pulses, TE cells were removed by a quick
flicking movement of the biopsy pipette against the holding
pipette. Usually, no more than 5 laser pulses were used for
each blastocyst in method 1.

For method 2, day 3 embryos were rinsed in G2 medium
several times, transferred to fresh G2 medium, and cultured in
a time-lapse monitoring incubator until the blastocyst stage.
On day 5 or 6, a ~ 10-μm hole on the ZP was drilled imme-
diately before biopsy with the use of the same laser. The
biopsies were performed as follows. To avoid injuring the
inner cells (ICM), the holding pipette aspirated the blastocyst
with the ICM at the 7 o’clock position (i.e., away from the
biopsy pipette), as described by Capalbo [31]. An opening on
the ZP was made with one or two laser pulses, working in-
wards from the outer surface of the zona taking care to avoid
damaging the embryo, creating a small hole (~ 10 μm) on the
ZP at the 3 o’clock position. After the blastocyst collapsed and
the TE cells crumbled, the TE cells were aspirated into the
biopsy pipette and withdrawn from the ZP. Finally, the TE
cells were removed by a quick flicking movement of the bi-
opsy pipette against the holding pipette.We usually do not use
the laser to cut the TE cells in method 2.

The high-quality blastocysts were defined as blastocysts
with at least grade 4BB according to the criteria established
by Gardner and Lane [35]. A mean of 4–8 TE cells were
removed from blastocysts. After biopsy, TE cells were
thrice-rinsed in G-mops medium, then transferred to the
PCR tubes. WGA of the TE cells was carried out within 1
week after biopsy; then, the samples were sent to two different
sequencing company for NGS (only cycles sequenced in one
company was included in this study).

Next-generation sequencing pre-implantation
genetic testing procedures

All biopsy samples were assessed using NGS at a single se-
quencing company (Yikon Genomics). After WGA with the
WGA kit (genome sequencing universal sample processing
kit, Yikon Genomics, Suzhou, China), DNA samples were
subjected to NGS on the Illumina Hiseq 2500 platform
(Illumina, San Diego, CA, USA) with 2.0-Mb raw reads gen-
erated for each sample. ChromGo (Yikon Genomics) software
was used to analyze sequencing data and report chromosomal
abnormalities. Biopsy diagnostic decisions were based on copy
number variations: a chromosome with two copies was
assigned a value of 2 and determined to be euploid, a chromo-
some with one copy was assigned a value of 1 and determined
to be a monosomy, and a chromosome with three copies was
assigned a value of 3 and determined to be a trisomy. Values
detected between 1 and 2 or 2 and 3 were considered to be
mosaic.

The reference laboratory states that mosaicism less than
20% or greater than 80% cannot be differentiated from tech-
nical noise. Thus, samples with less than 20% mosaicism are
classified as euploid, samples with greater than 80% mosai-
cism are classified as aneuploid, and samples between 20 and
80% mosaicism are classified as mosaic.

Blastocyst vitrification, warming, and embryo transfer

The Cryotop and Kitazato Vitrification Kit (Kitazato
BioPharma Co., Shizuoka, Japan) were used in the process
of blastocyst vitrification and warming. Vitrification and
warming was carried out as described previously [36].
Blastocysts were warmed 2 h before transfer. Embryo transfer
was performed under transabdominal ultrasound guidance.
The women were advised to rest for 30 min after transfer.
The luteal phase was supported by a combination of estrogen
and progesterone.

Diagnosis of pregnancy

The serum β-hCG was measured 14 d after embryo transfer.
A clinical pregnancy was established when at least one fetal
heartbeat was detected by transvaginal ultrasound after
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embryo transfer. Miscarriage was defined as a pregnancy that
did not progress after a fetal heartbeat was visualized by
ultrasonography.

Statistical analysis

The software used for statistical analysis was Stata (version
12.0). Quantitative data were expressed as the mean ± SD and
compared using ANOVA. Differences among groups were
compared using the least square method. The clinical preg-
nancy rates were presented as a percentage and compared
using the trend chi-square test. A p value < 0.05 was consid-
ered statistically significant.

Results

Baseline characteristics

The baseline characteristics of the cycles are shown in Table 1.
As Table 1 indicates, there were no differences between the
two method groups with respect to female and male ages,
years of infertility, BMI, basal serum FSH level, AMH level,

and indications for PGT. However, the ovarian stimulation
protocols, E2 level on the hCG trigger day, and duration of
gonadotropin treatment were significantly different between
the two method groups (P < 0.05).

Embryology laboratory data

The embryology laboratory data were compared between
the two method groups (Table 2). The mean number of
oocytes retrieved and blastocysts biopsied were significant-
ly different, and the cycles in the method 1 group presented
with a greater number of oocytes retrieved and blastocysts
biopsied (P < 0.05); however, the 2PN and good-quality
embryo rates on day 3 were similar between the two groups.
Furthermore, the blastocyst biopsy rate was 64.11% in the
method 2 group, which was slightly higher than the method
1 group (59.41%; P > 0.05), although the difference did not
reach statistical significance.

NGS result analysis

There were 240 blastocysts biopsied in the method 1
group and 234 in the method 2 group. There were no

Table 1 Demographics of cycles
in the method 1 and 2 groups Variables Method 1 group Method 2 group P value

Cycles 52 63

Female age (years) (± SD) 34.29 ± 3.96 34.83 ± 4.75 0.743

Male age (years) (± SD) 37.94 ± 6.08 37.57 ± 6.95 0.382

Years of infertility 3.61 ± 3.39 4.30 ± 3.54 0.854

BMI (kg/m2) 22.80 ± 2.67 22.62 ± 2.94 0.367

Primary infertility (%) 32.69% (17/52) 20.63% (13/63) 0.143

Basal serum FSH (IU/l) 5.15 ± 1.09 5.93 ± 0.68 1.000

AMH (ng/ml) 3.20 ± 2.01 2.85 ± 2.19 0.189

Indications

AMA (%) 9.62% (5/52) 19.05% (12/63) 0.156

RIF (%) 13.46% (7/52) 15.87% (10/63) 0.717

RPL (%) 55.77% (29/52) 39.68% (25/63) 0.085

Other (%) 21.15% (11/52) 25.40% (16/63) 0.593

Treatment attempts 1.31 ± 0.58 1.51 ± 1.09 0.882

Stimulation protocols

Long protocol (%) 94.23% (49/52) 57.14% (36/63) 0.000

GnRH-antagonist protocol (%) 5.77% (3/52) 36.51% (23/63) 0.000

Mild stimulation protocol (%) 0 6.35% (4/63) 0.064

E2 on hCG trigger day (pg/ml) 3799.31 ±1231.45 2982.25 ± 1239.68 0.000

Total dosage of gonadotropin 2373.80 ± 740.19 2168.53 ± 819.98 0.083

Duration of gonadotropin administration 10.56 ± 1.50 9.48 ± 1.80 0.000

Values are presented as the number, percentage, or mean ± SD

Note: FSH, follicle-stimulating hormone; AMH, anti-Mullerian hormone; AMA, advanced maternal age; RIF,
repeated implantation failure; RPL, recurrent spontaneous pregnancy loss; other, chromosome abnormalities or
a combination of the above

1157J Assist Reprod Genet (2021) 38:1153–1162



significant differences in the cycle cancellation and no-
results blastocyst rates between the two methods
(Table 3). All blastocysts without results after NGS were
re-biopsied at our clinic. The NGS results showed that the
euploid and aneuploid blastocyst rates were similar be-
tween the two method groups (47.50% vs. 55.13%;
32.92% vs. 36.75%; P > 0.05). The overall mosaic blas-
tocyst rate was 13.92% (66/474) in the two method
groups. However, the mosaicism rate in the method 2
group was 8.12%, significantly lower than the method 2
group (19.58%; P<0.05). There were no statistical differ-
ences regarding the simple and complex mosaicism rates
between the two method groups (P > 0.05).

Comparison of long stimulation protocols between
the two methods

The long protocol was main ovarian stimulation protocols,
which were further compared between the two methods. The
results showed that there were no statistical differences in
terms of E2 on hCG trigger day, total dosage of gonadotropin,
and duration of gonadotropin administration between the two
methods. However, the euploid blastocyst rate in method 1
was significantly lower than that in method 2 (48.07% vs.
59.26%, P = 0.038, Table 4). The mosaicism rate in method
1 was significantly higher than that in method 2 (18.88% vs.
7.41%, P = 0.003).

Table 2 Embryology laboratory
data of method 1 and 2 groups Variables Method 1 group Method 2 group P value

Cycles 52 63

Mean number of oocytes retrieved 15.02 ± 6.06 12.06 ± 5.77 0.004

MII oocytes (%) 92.45%

(722/781)

89.21%

(678/760)

0.206

2PN oocytes (%) 84.76%

(612/722)

80.97%

(549/678)

0.060

Good quality embryos* on day 3 (%) 66.01%

(404/612)

66.48%

(365/549)

0.865

Blastocysts biopsied (%) 59.41%(240/404) 64.11%(234/365) 0.180

Day 5 60.42%

(145/240)

64.10%

(150/234)

0.408

Day 6 39.58%

(95/240)

35.90%

(84/234)

0.408

Good-quality blastocysts* biopsied (%) 66.25%

(159/240)

69.56%

(163/234)

0.427

Mean number of blastocysts biopsied 4.62 ± 3.03 3.71 ± 2.70 0.046

Values are presented as the number, percentage, or mean ± SD

MII oocyte, metaphase II oocyte; 2PN, two pronuclear

*Good-quality embryos on day 3 were defined as embryos with at least 6 cells and fragmentation < 30%; good-
quality blastocysts were defined as blastocysts with at least 4BB grading

Table 3 NGS PGT-A results in
the method 1 and 2 groups Variables Method 1 group Method 2 group P value

Cycles 52 63

Total number of blastocysts biopsied 240 234

Euploid blastocyst (%) 47.50% (114/240) 55.13% (129/234) 0.097

Aneuploid blastocyst (%) 32.92% (79/240) 36.75% (86/234) 0.381

Mosaic blastocyst (%) 19.58% (47/240) 8.12% (19/234) 0.000

Simple mosaicism 65.96% (31/47) 73.68%% (14/19) 0.542

Complex mosaicism 34.04% (16/47) 26.32% (5/19) 0.542

No-results blastocysts (%) 1.25% (3/240) 1.28% (3/234) 0.975

Cycles without euploid blastocysts (%) 17.31% (9/52) 20.63% (13/63) 0.652

Note: Simple mosaicism = mosaicism referred to one chromosome; complex mosaicism = mosaicism referred to
two or more chromosomes
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Factors related to mosaicism by logistic regression
analysis

Because the ovarian stimulation protocols, E2 level on the
hCG trigger day, duration of gonadotropin treatment, and oo-
cytes retrieved were statistically different between the two
groups, logistic regression analysis was carried out to identify
the factors related to mosaicism. The results indicated that the
biopsy protocol is the only factor associated with the mosaic
blastocyst rate (OR, 0.237; 95% CI = 0.084–0.668; P < 0.05).
However, other factors, including female age, male age, AMH
level, BMI, PGT indication, stimulation protocols, E2 level on
the hCG trigger day, total dosage of gonadotropin, duration of
gonadotropin, and mean number of oocytes were not associ-
ated with mosaicism rates (P > 0.05) (Table 5).

Clinical outcomes after FET

To analyze the influence of different biopsy protocols on the
clinical outcomes, cycles with single day 5 euploid blastocysts
were compared. There were 34 cycles in which frozen embryos
were transferred in the method 1 group and 35 in the method 2
group (Table 6). The survival rates after vitrification-warming
were 100% in both groups. There were no statistically signifi-
cant differences in female age or endometrial thickness. The
clinical pregnancy rate in the method 2 group was 65.71%,
which was similar to the method 1 group (64.71%; P > 0.05).
There was 1 miscarriage in the method 1 group and 3 miscar-
riages in the method 2 group. The results did not demonstrate
an association between the biopsy protocols and clinical preg-
nancy rate.

Discussion

The results presented that different biopsy protocols might
have an influence on mosaic blastocyst rates. Biopsy with
method 1 resulted in significantly higher mosaic blastocyst

rates compared to method 2 (19.58% vs. 8.12%; P < 0.05).
There were no statistical differences in terms of the rates of
blastocysts biopsied, aneuploid, euploid, and clinical pregnan-
cy between the two methods.

In our unreported data, the mosaicism rate was 13.92% in
one sequencing company and 24% in another company, indi-
cating the influence of different sequencing platforms on mo-
saicism rates. Thus, only cycle in one sequencing company
was included in this study.

At present, two protocols are usually utilized for blastocyst
biopsies. Antonio Capalbo et al. firstly published the direct
biopsy method without ZP opening on day 3 in 2014 [31];
Yang et al. [29] provided a step-by-step demonstration for the
new biopsy method (mechanical blunt dissection). The influ-
ence of different biopsy protocols on the clinical pregnancy
rate was reported [30, 37]; however, neither study mentioned
the mosaicism rate.

Recently, several studies have noted the possible effects of
different biopsy protocols on mosaic blastocyst rates, the re-
sults of which are controversial [18, 32]. Zhao et al. [18]
compared the two TE biopsy protocols in a randomized

Table 4 Comparison of
mosaicism rates in long
stimulation protocols between the
two methods

Method 1 Method 2 P value

Cycles 48 36

E2 on hCG trigger day (pg/ml) 3976.19 ± 1100.31 3418.14 ± 1016.61 0.099

Total dosage of gonadotropin 2384.11 ± 735.80 2298.80 ± 814.49 0.3084

Duration of gonadotropin administration 10.75 ± 1.34 10.29 ± 1.35 0.0623

Euploid blastocyst (%) 48.07%

(112/233)

59.26%

(80/135)

0.038

Aneuploid blastocyst (%) 33.05%

(77/233)

33.33%

(45/135)

0.955

Mosaic blastocyst (%) 18.88%

(44/233)

7.41%

(10/135)

0.003

Table 5 Generalized linear mixed model analysis for mosaicism

Variables OR 95% CI P value

Biopsy protocol 0.237 0.084–0.668 0.006

Female age 0.870 0.741–1.021 0.089

Male age 1.051 0.951–1.162 0.325

AMH level 0.920 0.706–1.197 0.534

BMI 0.986 0.831–1.170 0.872

Indication for PGT-A 1.440 0.937–2.214 0.096

Stimulation protocols 0.808 0.231–2.827 0.738

E2 on hCG trigger day (pg/ml) 1.000 0.999–1.000 0.474

Total dose of gonadotropins 1.000 0.999–1.001 0.755

Duration of gonadotropin administration 0.764 0.407–1.432 0.401

Mean number of oocytes 1.090 0.965–1.231 0.165

Note: CI, confidence interval; OR, odds ratio
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controlled trial. However, they did not find an association
between biopsy protocols and mosaicism rates. In contrast,
Grassa et al. [32] indicated the possible relationship between
biopsy methods and mosaic blastocyst rates. They suggested
that > 4 laser shots during biopsy could modify the genetic
constitution, thus increasing the mosaicism rate.

Our results showed that the mosaic blastocyst rates were
related to the biopsy protocols. Biopsy with method 1 pro-
duced a significantly higher mosaic blastocyst rate compared
to method 2. The potential reasons are unclear.

One possible explanationmight be that ZPmanipulation on
day 3 might affect, directly (by physical action) or indirectly
(by affecting culture conditions, although transiently), the fi-
delity of chromosome segregation during the day 3–day 5
intervals. In addition, the ZP opening on day 3 might result
in the prematurely hatching of blastocysts on day 5 and trigger
biological events that could result in higher rates of true mo-
saicism in embryos. However, our data showed that there
were no statistical differences regarding the stage and quality
of blastocysts biopsied between the two method groups,
which did not support the above hypothesis.

Another possible explanation might be that the mosaic
blastocyst rate is related to the application of the laser pulse.
It is inevitable that cell damage from the thermal effect will be
increased when using laser pulse. The genetic materials from
these damaged cells might influence the sequencing results,
leading to an overdiagnosis of normal embryos as mosaics. In
method 1, TE cells were separated based on the combination
of laser pulse and flicking in our study. In method 2, however,
TE cells were most often biopsied by flicking. Laser pulse was
usually not used. Grassa et al. [32] suggested that > 4 laser
shots during biopsy could increase the mosaicism rate. The
use of laser pulse might be one of the reasons for the higher
mosaicism rate in the method 1 group. However, it should be
noted that the power of laser was only 180-μs, no more than 5
laser pulses were used, which was also less than that in
Grassa’s report (4–9 laser pulses) [32]. The lower laser power
might result in less damage on TE cells. So the use of laser
pulse might not be the main reason for the high mosaic

blastocyst rate in this group. Further studies are needed to
confirm the effects of the laser pulse on the mosaicism rates.

With respect to the euploid and aneuploid rates, our results
showed that there was no statistically significant difference
between the two method groups. This result is comparable
to the study by Zhao et al. [18].

Studies have analyzed the relationship between biopsy pro-
tocols and clinical outcomes. Zhao et al. [18] showed that the
clinical pregnancy rate using method 2 was slightly higher
than method 1 (64.20% vs. 57.32%); however, the differences
did not reach statistical significance. A recent report by
Rubino [30] showed that biopsies with method 2 produced
significantly higher clinical pregnancy, ongoing implantation,
and live birth rates compared with method 1. However, the
new biopsy protocol (method 2) was combined with removal
of one-fourth of the ZP in their study [30], which might be
related to the improved clinical outcomes. We did not find a
correlation between the biopsy protocol and the clinical preg-
nancy rate, which might be related to the small sample size in
our study. Further studies are warranted to confirm the effects
of the different biopsy protocols on clinical outcomes.

It should be noted that the ovarian stimulation protocols,
gonadotropin time, the E2 level on the hCG administration
day, and the number of oocytes retrieved were statistically dif-
ferent between the method 1 and 2 groups in our study. Further
investigation indicated that the method 1 group consisted of
94.23% of long stimulation protocol cycles, which was only
57.14% in the method 2 group (P = 0.000). That might account
for the above differences between the two groups. The compar-
ison of sequencing data in the long stimulation protocols
showed that the mosaicism rate in method 1 was significantly
higher than that in method 2, and the euploid rate was signifi-
cantly lower than that in method 2, indicating the influence of
different biopsies on sequencing outcomes. Logistic regression
analysis was performed to eliminate the possible effects of con-
founders, and the results revealed that the biopsy protocols
were the only factor associated with the mosaicism rate among
all the variables. Cascales et al. [25] also reported similar re-
sults, and showed that ovarian stimulation protocols were not
associated with the mosaic blastocyst rate.

Indeed, the mosaic blastocyst rates are influenced by a
number of factors, such as the culture environment [20],
sperm quality [23], and insemination method [21]. It has been
shown that small alterations in the profiles generated by NGS,
currently noted with the form “consistent with mosaicism” or
“putative mosaicism",” could be artifacts of the PGT analysis
or biopsy technique, and do not reflect an altered embryonic
chromosomal status. Theoretically, in order to determine pres-
ence of a true chromosomal mosaicism, a second TE biopsy in
the first specimen must be performed to confirm the specific
variation in chromosomal copy number. Therefore, the pres-
ence of technical noise should be kept in mind when we in-
terpret the above results.

Table 6 Clinical outcomes of two biopsy methods (day 5 single euploid
blastocyst transfer)

Variables Method 1 group Method 2 group P value

FET-PGT-A cycles 34 35

Female age 32.35 ± 3.92 33.03 ± 4.21 0.245

Survival rate after thawing 100% (34/34) 100% (35/35) 1.000

Endometrial thickness 8.56 ± 1.11 8.40 ± 1.46 0.695

Clinical pregnancy (%) 64.71% (22/34) 65.71% (23/35) 0.930

Miscarriage rate (%) 1 3 0.317

FET, frozen-thawed embryo transfer; PGT-A, pre-implantation genetic
testing for aneuploidy
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Our study is certainly limited by the small sample size and
retrospective nature. The influence of culture conditions and
stimulation protocols on the mosaicism rate cannot be ruled
out since this study used a historical control in different years.
In addition, ll embryos from the PGT cycles are cultured in the
time-lapse monitoring system (EmbryoScope) at our clinic,
which might be related to the outcomes inconsistent with
others. A more comprehensive study with a large sample size
and a prospective randomized controlled trial will be required
to confirm our results in the future.

Conclusion

This study showed the possible effects of different biopsy
protocols on mosaicism rate; ZP opening on day 3 embryos
followed by TE biopsy on day 5 or day 6 might increase the
incidence of mosaic blastocysts.
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